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WEEDONE. 


Constantly 


We maintain a permanent 
department whose field re- 
search is ever seeking new 
and improved chemicals 
and methods for weed and 


brush control. 


_ AMERICAN CHEMICAL PAINT COMPANY 


Agricultural Chemicals Division 
AMBLER, PA. 
Originators of 2,4-D and 2,4,5-T Weedkillers 
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Searching------ 


Control Weeds Chemically 
with these 
Cyanamid Products 


AERO’ CYANATE, Weedkiller 


Contains 92% potassium cyanate. For pre-emer- 
gence contact selective 
contact weedkilling, lling and defoliation. 
Breaks down rapid y a youmiaat with soil. 


CYANAMID, Granular 


Contains 20% nitrogen and 70% lime. For pre- 
emergence weed control in peas, corn, asparagus 
and other crops. For pre-seeding weed control in 
tobacco and other plant beds, and in soils for new 
turf. In granular form for easy handling and 
application. 


AERO’ CYANAMID, Special Grade 


Contains 21% nitrogen and 70% lime. Used as 
dust for pre-emergence residual and contact weed 
control. Defoliates cotton, field beans and other 
crops. For pre-harvest top-killing of tomatoes 
and potatoes. 


AERO’ CYANAMID, Soluble 


A readily soluble form of _Cyanamid for spray 
application. Contains 85° monosodium cyan- 
amide and about 40% nitrogen. Recommended as 
a cotton defoliant. Available in experimental 
quantities for herbicidal testing. *Trade-mark 


AMERICAN Cyanamid LOM PANY 


AGRICULTURAL CHEMICALS DIVISION 
30 Rockefeller Plaza 
New York 20, N. Y. 
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ATLACIDE: A chlorate weed killer 
..-Widely used for non-selective 
eradication of bindweed, Canada 
thistle, quack grass, Johnson grass 
and other tough perennials. Kills 
roots...destroys entire plant. . .dis- 
courages regrowth. Applied as spray 
or in original | form. Atlacide is 
backed by over 25 years of success- 
ful use, plus an outstanding reputa- 
tion as “the safer chlorate”. 


ATLACIDE WITH 2, 4-D: A com- 
bination of Atlacide and 2,4-D acid. 
Offers dual killing action of sodium 
chlorate and 2,4-D. 


CHLORAX SPRAY POWDER: A 
non-separating composition of so- 
dium chlorate and pentaborate. For 
use where long-lasting residual ef- 
fect is desirable...such as alon 
fence rows, ditch banks, aroun 
buildings and other structures. Kills 
practically all types of weeds and 
sses. Creates no fire or poison 
Seand. Applied dry or as spray. 


ATLAS “A”: A 40% sodium arse- 
nite solution (4 lbs. arsenic trioxide 


Write for Weed Control Booklet 
CHIPMAN CHEMICAL COMPANY, 


per gal.). Destroys certain § sub- 
mersed vegetation in ponds and 
lakes. Used for selective control of 
crabgrass, chickweed and clover in 
turf. Also used as general weed 
killer for annual weeds and grasses. 
Used to kill trees and stumps. 


SODIUM ARSENITE: A powder 
containing 75% arsenic trioxide. 
Used for the same purposes as Atlas 
“A”. Applied dry or as a spray. 


2, 4-D WEED KILLERS: Available 
as 2,4-D Amine and 2,4-D Ester liq- 
uids; also 2,4-D Ester dusts. 


METHOXONE: Contains 2 pounds 
of MCP sodium salt per gallon. 
Used for weed control in small 
grains, flax, rice and grass. Controls 
same weeds as 2,4-D; considered 
safer for selective spraying, especial- 
ly in flax. 


Low Volatile 2,4,5-T 
Low Volatile Brush Killer 
Sodium TCA 90% IPC 90% Liquid 
CIPC-4L (Chloro IPC) 
Chipman General (Dinitro) 


INC. 


BOUND BROOK, N. J. 


Chicago, Ill. . Palo Alto, Calif. . Pasadena, Tex. . 


Portland, Ore. 


Manufacturers of Weed Killers Since 1912 
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For Herbicides: 


DIAMOND'S facilities for 
manufacturing and distrib- s 
uting agricultural chemi- th | fl k 
cals for weed and brush 

control assure formulators 
a dependable source of sup- 


4 
ply for these important i first 
materials. 

2,4-D and 
2,4,5-T 


Weed Killers 
and 
Brush Killers 


Isopropy! Ester 


Buty! Ester 
Butoxy Ethoxy Propanol 
Esters (low volatile type) 


DIAMOND ALKALI COMPANY 


_ Organic Chemicals Division 


Plants: Newark, N. ]., Houston, Texas 
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For dependable control of 
weeds, grass and brush 


DuPont 
Weed Brush Killers 


CMU Weed Killer clears the ground of vegetation. 
This new, powerful chemical kills weeds and 


grass and prevents regrowth. Just | or 2 lbs. per 1,000 square 
feet may do the job for a year! CMU is non-volatile, non- 
flammable, non-corrosive, easy to use in spray. 


AMM ATE’ Weed and Brush Killer destroys 

roots and tops so there's little re- 
sprouting. Ideal for killing poison ivy, woody plants and 
clearing rights-of-way. Keeps brush down with little or no 


retreatment necessary. Non-volatile, non-flammable, non- 
poisonous to livestock. 


Other Du Pont Weed and Brush Killers include TCA and 
2,4-D Weed Killers; also 2,4-D — 2,4,5-T and 2,4,5-T Brush 
Killers. For details, write Du Pont, Grasselli Chemicals 
Dept., Wilmington, Del. 


MARCA REGISTRADA 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Nonselective Herbicides: 


POLYBOR-CHLORATE * 
POLYBOR* 

BORASCU* 

BORASCU - 44 
CONCENTRATED BORASCU 


Be thrifty! . .. choose any of these safe, 
effective weed-and grass-killing products ... their 
high Boron content provides lasting results ; toxic 
to most types of vegetation. 


POLYBOR-CHLORATE, a new, improved, high solubil- 
ity product is now available! This is a fast-acting general 
purpose herbicide which combines the effectiveness of so- 
dium borates and chlorate to quickly destroy vegetation by 
contact or thru root absorption. It is nonfire-hazardous! 
... may be applied in its dry form. 


POLYBOR?* is a spray herbicide for effective destruction of 
some noxious weeds such as Bindweed, Leafy Spurge, and 
Canada Thistle. May also be applied in dry form. 


The BORASCU’S* are applied dry in delivered form and 
may be handled freely for they are nonpoisonous, noncom- 


bustible, and will not corrode ferrous metals. 
U.S. Pot. OF. 


Check These Highlight Features: NONSELECTIVE ... NONFLAMMABLE 


FAST-ACTING ... ECONOMICAL 


COAST BORAX CO. 


DIVISION OF BORAK CONSOLIDATED, timiltto.. 
LOS ANGELES * CHICAGO © NEW YORK 
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NONTOXIC ... NONCORROSIVE 

ee 


You could get 
rid of WEEDS 
like this... 


\ 


but for fast, pesitive control 
buy 


Crop yields go up and weed control 
costs go down when you spray with 
Pittsburgh 2,4-D. This dependable 
weed killer gives you better weed 
killing performance because it’s Qual- 
ity-Controlled at every step of pro- 
duction. If you need a low volatile 
formulation, ask for Pittsburgh D4. 
Buy the Pittsburgh 2,4-D formulation 
you need at your Dealer's today! 


Made by the Pittsburgh Agricultural Chemical Co., New York, N. Y., a Division of 
Pittsburgh Coke & Chemical Co., Pittsburgh, Pa. 
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the precision — 
nozzle for 

effective 
spraying 


pe in a full range of interchange- 
orifice tip and strainer sizes to 
meet every capacity requirement. Tce- 
Jet Spray Nozzles for Weed Control by 
spraying make it possible to take max- 
nen advantage of the chemical and 

sprayer unit. TeeJet nozzles are pre- 
cision built and provide a flat spray 
with uniform distribution. Atomization 
is properly controlled to give coverage 
with an absolute minimum of driftage. 
Patented tip design, with set-back 
orifice opening protects precision orifice 
from accidental damage. TeeJet spray 
nozzles are built for use on spray booms 
and portable sprayers. 


SPRAY 
NOZZLE 
male pipe 
connection 


OFF-CENTER SPRAY NOZZLES TEEJET 
Spraying Systems Spray Nozzles with TeeJet noweee 
tips are supplied in a variety of special body female pipe 
types to meet any unusual spraying require- connection 
ment. For example, one t of off-center ‘ 
spray nozzle with swivel y provides a flat : 
spray up to 35 feet wide for spraying areas ad 
with a single nozzle, that are not accessible 
with a boom. INTER- 
SUPPLEMENTARY EQUIPME ORIFICE TIPS 
Comptes accessories relating to nozzle use are sup- flat and cone 
plied. These include strainers, special nozzle fittings, spray types : 
and hand valve equipment. : 
TeeJet Spray Nozzles are supplied for Weed Control. . e 
as well as all other types agricultural spraying. For ne 
oa information and reference data write for Bul- P 
tin 58. 


PRAYING SYSTEMS 
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brings changes 


No one knows so well as 
a the man of science how 
things are changing about 
us. In the field of herbicides, 
it takes up-to-the-minute facili- 
: ties and know-how to keep 
abreast of developments. Our long 
years in the business have afforded 
us both these qualities. When you recom- 
mend Thompson-Hayward herbicides, you 
can be assured they are modern, honestly 
formulated, and that they will perform 
exactly as the label represents. What 
else can a herbicide be? 


THOMPSON-HAYWARD CHEMICAL 


KANSAS CITY NEW ORLEANS DENVER OMAHA CHICAGO MEMPHIS 
DAVENPORT WICHITA DALLAS HOUSTON e ST. LOUIS DES MOINES SAN ANTONIO 
N. LITTLE ROCK OKLAHOMA CITY MINNEAPOLIS TULSA LUBBOCK 
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Action of Isopropyl N-Phenyl Carbamate Under 
Various Conditions’ 


A. S. NEwMAN and H. T. DeRico? 


} ere rw N-phenyl carbamate (IPC) has been used to a limited 
extent during the past few years as a selective herbicide in the 
control of weedy grasses and certain broadleaf species. Some invest- 
igators have found IPC to be highly effective; others have found IPC 
to be ineffective. The present investigation and those of Freed (6) 
indicate that environmental conditions are extremely important in 
determining the extent of plant response. Shaw and Swanson (8) 
found that the herbicidal effectiveness of IPC was highly variable 
under greenhouse conditions. 

It is to be expected that IPC will be most effective under condi- 
tions favorable for its persistence. IPC may disappear from soil as the 
result of microbial action and volatilization. Leaching beyond the 
root zone and absorption by soil constituents also may reduce the 
effectiveness of IPC. These last two factors probably are less impor- 
tant in most instances than volatilization or microbial decomposi- 
tion. 

Newman, DeRose, and DeRigo (7) found that IPC persisted more 
than 9 weeks in autoclaved soils and less than 2 weeks in nonauto- 
claved soils, which established microbial action as a factor in the 
disappearance of this compound. Under field conditions the per- 
sistence of IPC has been reported to be from five weeks (10) to 30 
to 60 days (11). Of course, the concentration of IPC may be greatly 
reduced in appreciably less time. DeRose (4) found isopropyl 
N-(3-chlorophenyl) carbamate (3-Cl IPC) to persist more than 48 
but less than 54 days and IPC to persist more than 16 but less than 
24 days in a greenhouse experiment. Stevens and Carlson (9) in a 
field experiment found that 2 pounds per acre of IPC persisted more 
than 2 and less than 4 weeks and 3-Cl IPC persisted more than 6 and 
less than 8 weeks. Soil temperature has been shown to be a factor in 


*Contribution from the Biological Laboratories, Chemical Corps, Camp Detrick, 
Frederick, Md. This paper includes data from a <hesis submitted by the junior 
author in partial fulfillment of the requirement, for the degree of Master of 
Science, University of Rhode Island. The assistance of Dr. T. E. Odland, who 
supervised the work at Rhode Island, and the staff of the Statistical Branch, 
Camp Detrick, who made the statistical analyses, is gratefully acknowledged. 
Presented before Section VI, American Society of Agronomy, Cincinnati, Ohio, 
November 18, 1952. 

*Soil Scientist, and Research Agronomist, respectively. 
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the disappearance of IPC (7) and 3-Cl IPC (9), both compounds dis- 
appearing more rapidly at higher temperatures. Stevens and Carlson 
(9) also found that the persistence of 3-C] IPC was influenced by soil 
pH and composition. 

Anderson, Linder, and Mitchell (2) have shown that IPC and 3-Cl 
IPC are sublimed relatively rapidly from glass slides or from tinfoil 
at temperatures above 80°F. In one experiment 92 percent of the 
3-Cl IPC and 80 percent of the IPC coatings on glass slides were lost 
by sublimation in 24 hours at 85°F. Shaw and Swanson (8) observed 
that IPC, 3-Cl IPC, and other carbamates applied as pre-emergence 
— under greenhouse and field conditions were volatile and that 
the vapors possessed herbicidal activity. 

The purpose of these investigations was to ascertain the effective- 
ness of soil applications of IPC as a herbicide under diverse environ- 
mental conditions at many stages of plant development and second- 
arily to compare various formulations of IPC, 3-Cl IPC, and 
N-(4-chlorophenyl)-N’, N’-dimethyl urea (CMU). Cereals were em- 
ployed as simulants for weedy grasses in order to obtain precise data 
on the amount of injury. 


MATERIALS AND METHODS 


At Frederick, Maryland the experimental crops were grown on 
Dufheld silt loam, Duffield loam, and Athol gravelly loam. The pH 
of the experimental areas ranged from 5.9 to 7.1. At Kingston, Rhode 
Island the crops were grown on Bridgehampton very fine sandy loam. 
Normal cultural and fertilization practices were followed at both 
locations. In order to prevent contamination of adjacent plots, level 
areas were selected for the experiments and the plots were diked. 

The plots were 6 rows by 18 feet long, of which the 4 center rows 
by 16.5 feet were harvested and threshed. The experiments were 
either randomized complete block or split plot design with 4 rep- 
licates, except for the experiment reported on Table 2 which had 
3 replicates. Treatments were applied at two rates, except for the 
experiment reported in Table 6 in which a single rate was used. In 
Tables 3, 4, and 5 data are given only for the rate at which yield 
reductions most nearly approached 50 percent. The analyses of 
variance of the data in Tables 1, 2, and 3 were made on the actual 
yields, and in Tables 4, 5, and 6 were made on the logarithmic 
transformation of the yields as percent of control. 

The IPC and 3-Cl IPC were obtained from the Columbia-South- 
ern Chemical Corporation. The CMU was obtained from E. I. 
duPont de Nemours and Co. The sprays of IPC and 3-Cl IPC were 
prepared by dissolving the carbamates in 6 times their weight of 
Tween 85 and then pouring these mixtures into warm water. The 
spray of CMU was prepared by dispersing the 80 percent active 
ingredient wettable powder in water. The sprays were applied at a 
volume of 150 ml. per square yard with a 3-gallon knapsack type 
sprayer. Insofar as practical, only the middles were sprayed. 

The 12.5 percent IPC extruded particles were prepared by mixing 
together 12.5 g. IPC, 72.5 g. fuller’s earth, and 5 g. cornstarch to 
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which was added 10 g. of glucose in solution to form a paste. The 
75 percent IPC extruded particles were prepared by mixing 75 g. 
IPC and 15 g. fuller’s earth (or 10 g. fuller’s earth plus 5 g. corn- 
starch), to which was added 10 g. of glucose in solution to form a 
paste. These pastes were forced through screens having openings 
1/,¢ inch in diameter. The extruded particles were dried at 50°C and 
broken into segments averaging 2.6 to 5.8 mg. 

Tablets of IPC contained 75 g. of IPC, 10 g. fuller’s earth, 14 g. 
cornstarch, and | g. Tergitol 7. Tablets of 3-Cl IPC contained 75 g. 
3-Cl IPC, 24 g. fuller’s earth, and | g. Tergitol 7. Tablets of CMU 
contained 75 g. CMU (100 percent active ingredient), 19 g. fuller’s 
earth, 5 g. cornstarch, and | g. Tergitol 7. The ingredients were 
thoroughly blended together and then the tablets were punched out 
with a Stoke’s Eureka model tablet machine. The tablets were 14 inch 
in diameter by approximately 1/,, inch in length and the average 
weight varied from 9 to 11 mg. For each herbicide the composition 
shown above was the best formulation on basis of ease of prepara- 
tion of the tablets and of rapidity of dispersion in water. 

For both tablets and extruded particles the active ingredient was 
40 mesh or smaller. Tablets and extruded particles were applied to 
the plots by hand broadcasting. In some cases nonherbicidal ex- 
truded particles were used as a diluent to aid in obtaining uniform 
distribution. 


RESULTS AND DISCUSSION 


Several investigators have shown that the susceptibility of cereals 
to injury from soil treatment with IPC decreases with increasing 
plant age (1, 5, 6). Allard, et al (1) found greater injury of oats at 
the early seedling stage than at planting time. In the experiments 
shown in Table I, IPC was equally injurious to oats at emergence 
and at the 3 to 5 inch stage. At the 8 to 16 inch stage, IPC was highly 
significantly less effective at Frederick and noneffective at Kingston. 
In parallel studies soil applications of IPC to cereals in the boot 
stage or older rarely caused extensive injury under field conditions. 

The extent of injury from IPC soil treatments may be greatly 
modified by soil environmental factors. This is illustrated with 
Clinton oats in Table 2. It is evident that the greatest amount of 
injury may occur at other than the early seedling stages. In this 
experiment the greatest injury occurred at the second to fifth leaf 
stages. These differences among stages were significant at the 0.1 
percent level of probability. Following applications at the first leaf 
stages there were light rains which slowly dispersed the extruded 
particles. The dispersion of the extruded particles was visually as- 
certained after each rain. Conditions were favorable for loss of the 
IPC and the concentration of IPC apparently was markedly reduced 
prior to its movement down to the root zone. As was mentioned 
previously, IPC is not a highly persistent compound. At the later 
stages heavier rains fell shortly after treatment, presumably leaching 
the carbamate down to the root zone before much loss could take 
place. 
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Table 1. Reduction in yield (percent) of threshed grain of Clinton spring 
oats treated with 2.5 and 5.0 pounds per acre of IPC* at two locations in 
1949. 


| Location 
Stage | Frederick 
| 5.0. | 251b. | 5.01b. 


*Applied as extruded particles containing 12.5 percent active ingredient. 


Table 2. Injury of Clinton spring oats following treatment with 2 and 4 
pounds per acre of IPC* at Frederick, Maryland in 1950. 


= 


Percent yield reduction of threshed grain 


| 2 Ib. | 4 Ib. 

Early Ist leaf 13 48 
Late Ist leaf 25 40 
Early 2nd leaf 43 72 
4th leaf 69 79 


*Applied as extruded particles containing 75 percent active ingredient. 


Results similar to those in Table 2 have been obtained in many 
field experiments at Frederick, Maryland and Kingston, Rhode 
Island from 1948 through 1952. In these experiments IPC was ap- 
plied to the soil both as solid particles and as aqueous sprays. As 
will be shown later, the relative injury at the various stages most 
likely would have been different if aqueous sprays or dust had been 
employed. 

Soil temperature is an important factor in the response of fall 
sown cereals to IPC. This is indicated in Table 3. At both Frederick 
and Kingston, the fall and midwinter treatments were most injuri- 
ous to wheat and rye. At both locations differences among stages 
were highly significant. Similar results were obtained with 5 pounds 
per acre of IPC. The greater injury probably was related to the 
persistence of IPC. At the low temperatures prevailing during the 
winter period decomposition of IPC will be slight because of the low 
activity of the soil microorganisms. Also, loss of IPC by volatilization 
will be less at the low temperatures. Consequently, the maximal 
amount of chemical will be available to induce plant response. 
Ordinarily, a significant portion of the IPC applied during the early 
fall or spring is lost prior to its being leached down to the root zone. 
Consequently, treatments at these times are, in general, not as effec- 
tive as those applied during the cold weather period. 

It is possible, of course, that cereal plants and other grass and 
broadleaf species are most susceptible to IPC injury during their 
dormant period. A preliminary experiment indicated that a small 
amount of IPC was absorbed by winter wheat after a one week’s ex- 
posure, during a period when the air temperature averaged 41°F. 
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Table 3. Reduction in yield (percent) of threshed grain of winter cereals 
treated with 2.5 pounds per acre of IPC* at two locations during 1948-1949. 


Frederick Kingston 

Thorne wheat} Abruzzi rye |Thorne wheat| Selected rye 
Emergence. . 37 37 23 39 
4-7 leaf..... 15 25 10 14 
Preboot. . 24 0 -14 1 


' *Applied as extruded particles containing 12.5 percent active ingredient. 


A somewhat longer exposure was required to obtain maximal re- 
sponse. Generally there is no visible top response of cereals treated 
during the late fall or winter until growth resumes in the spring. 
If the winter is mild and there is appreciable vegetative growth, top 
response may be evident within two months after treatment. 

The results given in Table 3 are fairly typical of data for four 
seasons. In 12 of 16 experiments, the greatest injury was produced 
by late fall or winter treatments. Occasionally early fall or late March 
and April applications were as effective as winter applications. It is 
obvious that further research is needed to elucidate the relative ef- 
fectiveness of IPC at various stages of plant development. 

Starting in 1948, comparisons were made of spray, dust, and pellet 
formulations of IPC. In a 1948 experiment in which IPC was applied 
at 2 pounds per acre to Clinton spring oats at the two leaf stage, the 
yield reductions were 22 percent for an aqueous spray and 59 percent 
for extruded particles. In another 1948 experiment on Thorne winter 
wheat a spray formulation was superior to an extruded formulation 
at two different stages. In experiments during the 1949 season it was 
found that dust and aqueous spray formulations of IPC were gener- 
ally equally injurious to three cereal species. An extruded formula- 
tion was less effective than sprays or dusts in four of five cases. In 
these experiments the extruded particles contained 12.5 percent 
active ingredient and dispersed fairly slowly on exposure to rain. 

In later experiments extruded particles which dispersed rapidly 
in water and which contained 75 percent active ingredient were 
employed. In Table 4 are given the results for an experiment in 
which such particles were used. In three of six instances IPC extruded 


Table 4. Reduction in yield* (percent) of threshed grain of Clinton spring 
oats treated with 2 pounds per acre of IPC or 3-Cl IPC at two locations in 


1951. 
Frederick Kingston 

Leaf IPC IPC 3-Cl IPC Leaf IPC IPC | 3-ClLIPG 
stage Date | extd spray spray stage Date extd spray spray 
Ist | 9Apr | 57 a | 69 Ist | 1 May 61 27 54 
2nd 27 Apr | 74 Sed | 15May| 74 | 11 | 
5th 14 May 13 21 43 5th 29 May | 9 51 77 


*Stage of development and stage-formulation interaction were highly significant at both locations; 
formulation was highly significant at Kingston and nonsignificant at Frederick. Analysis based on 2 


and 4 pound rates. 
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particles were observably more effective than IPC spray or 3-Cl IPC 
spray. In two instances the spray formulation of IPC proved superior 
to the extruded formulation. The spray formulation of 3-Cl IPC was 
observably best in two cases. 

The superiority of one formulation over another appears to be 
determined in large measure by climatic conditions, particularly soil 
moisture and temperature. IPC applied to a moist soil as a spray 
will begin to be decomposed at once and continue until the soil dries 
out; whereas, IPC applied in extruded particles to the same soil will 
be little affected by soil microorganisms. Also more of the spray ap- 
plied IPC will be lost by volatilization. If a light rain falls shortly 
after the application of these formulations, the extruded particles 
will be partially dispersed and only a small amount of the IPC will 
penetrate to the root zone. A much larger amount of the IPC applied 
as a spray will penetrate to the root zone since the IPC is already 
evenly dispersed over the surface of the plot. If a heavy rain falls 
shortly after treatment, the spray and the extruded formulations 
will be equally effective, because the growth regulator in both cases 
will move rapidly to the root zone. 

In experiments on Clinton oats and Thorne wheat during the 
1951-1952 season, results similar to those in Table 4 were obtained. 
A tablet formulation of IPC was superior to an aqueous spray form- 
ulation in 5 of 7 cases (Table 5); the spray formulation was superior 
in two cases. Statistically, with IPC the tablet formulation was super- 
ior; with CMU the spray formulation was superior on oats and tablets 
were superior on wheat; with 3-Cl IPC the spray formulation was 


Table 5. Reduction in yield* (percent) of threshed grain of Clinton oats 
and Thorne wheat treated with tablet and spray formulations of IPC, 3-Cl 
IPC, and CMU during 1951-1952 at Frederick, Maryland. 


IPC 3-Cl IPC CMU 
Stage — 
Tablet | Spray Tablet Spray | Tablet | Spray 
Spring oats—3 pounds herbicide per acre 
istleaf,18 Apr......... 77 9 36 32 34 | 52 
Early 3rd leaf, 1 May... . 43 14 49 24 30 36 
4th leaf, 9 May......... 63 43 58 84 22 | 47 
5th leaf, 28 May........ -7 17 12 52 11 20 
Winter wheat—2 pounds herbicide per acre 
Ss ere 27 | 1 2 6 31 | 42 
Late 3rd leaf, 25 Jan..... 26 58 20 20 25 29 
48 30 39 57 32 21 


*Stage and all interactions were highly significant and formulation was nonsignificant for both 
crops; compound was highly significant for oats and nonsignificant for wheat. Analysis for 3 pound 
rate only for oats; for 1 and 2 pound rates for wheat. 


superior. Similar results were obtained with both rates of treatment. 
The differences between formulations of 3-C] IPC and CMU were 
not as well defined as those for IPC. The tablet formulations of IPC 
and CMU dispersed readily in water, but the tablet formulation of 
3-Cl IPC dispersed somewhat slowly, particularly after storage for 
a few weeks. This slow dispersion of 3-Cl IPC tablets probably af- 
fected its relative effectiveness. 
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In another experiment on Thorne winter wheat the spray formu- 
lation of 3-C] IPC was superior to the spray formulation of IPC in 
four of six times of application (Table 6). Similar results were ob- 
tained during the 1951-1952 season on both oats and wheat (Table 
5). The superiority of the spray formulation of 3-Cl IPC in these ex- 
periments probably was due to its greater persistence and also to its 
greater biological activity. 


GENERAL DISCUSSION 


The relative importance of volatilization and microbial action in 
the disappearance of IPC and 3-Cl IPC from soil is not known. 
Organisms capable of growing on IPC or 3-C] IPC have been isolated 
at this laboratory, but their ability to decompose these compounds 
has not been demonstrated conclusively. High soil temperatures will 
increase loss by both volatilization and microbial 
In dry soils no microbial decomposition will occur but loss by subli- 
mation may be important. IPC has been shown to disappear equally 
rapidly from soils at moisture levels from 20 to 80 percent of the 
water-holding capacity (7). 

To obtain the greatest effect from IPC and other readily decom- 
posed or volatilized herbicides, they should be applied when condi- 
tions are unfavorable for loss. In the control of established weeds, 


Table 6. Reduction in yield* (percent) of threshed grain of Thorne winter 
wheat treated with 2 pounds per acre of IPC and 3-Cl IPC as aqueous sprays 
at two locations during 1950-1951. 


Frederick | Kingston 
Stage IPC 3-Cl IPC | Stage IPC | 3-Cl IPC 
2nd leaf, 30 Oct. 23 80 | 3rd leaf, 16 Oct 1 i9 
3rd leaf, 12 Jan 95 99 5th leaf, 9 Feb.... 44 83 
4th leaf, 21 Mar.. | 54 | 97 6-8 in., 9 Apr.... ; 28 5 


*Stage of an and compound were highly significant at both locations; stage—compound 
interaction was highly significant at Kingston and nonsignificant at Frederick. 


IPC should not be applied as a spray to a warm soil unless a rain 
is expected within a few days. If the weeds to be controlled by a 
herbicide of this type are perennials, winter annuals, or biennials, 
it is probable that winter treatment will be most injurious. 

Soil type influences the action of any soil applied herbicide and 
it also influences movement within the profile. Unpublished data 
from this laboratory have shown that IPC is increasingly injurious 
with increasing percentage of sand in the soil and decreasingly in- 
jurious with increasing percentage of organic matter. Blouch and 
Fults (3) have shown that soil type influences the selectivity of 3-Cl 
IPC. Further research on the relative effectiveness of herbicides on 
various soil types is needed. 

Further research is needed on pellet formulations of IPC. It ap- 
pears that properly formulated pellets of IPC generally will be 
superior to aqueous sprays under average soil moisture and temper- 
ature conditions. Properly formulated pellets of IPC should dis- 
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rse in water in less than 30 seconds. Although commercially 
ormulated pellets might have compositions quite different from 

those employed in these investigations, it is essential that they have 
good dispersion properties. The proper size for pellets of this type 
has not been fully investigated. In these studies the pellets weighed 
from 2.6 to 11 mg. These sizes appeared to give an adequate number 
of particles per unit area. 

3-Cl IPC and CMU are more persistent in soil than IPC. Con- 
sequently, formulation is not as critical a factor with these two com- 

unds. Properly formulated pellets of 3-Cl IPC and CMU should 

as effective as spray formulations under most environmental con- 
ditions. As was mentioned earlier, the pellet formulation of 3-Cl IPC 
used in these experiments dispersed somewhat slowly, which prob- 
ably decreased its effectiveness. 

The application of pellets should pose no particularly great prob- 
lem. Pellets probably could be applied with a modified grain drill or 
similar type of equipment. For aerial application only minor modi- 
fications of presently employed hoppers should be necessary. 


SUMMARY 


Soil applications of IPC were made to spring and fall sown cereals 
at many stages of development at Frederick, Maryland and Kingston, 
Rhode Island. Limited studies were made with 3-C] IPC and CMU. 

The greatest injury to spring sown cereals from IPC treatment 
frequently occurred at other than at emergence or early seedling 
stages. The greatest injury to fall sown cereals generally was produced 
by late fall or winter applications of IPC. The amount of injury pre- 
sumably was determined by the variable persistence of IPC and the 
relative susceptibility of the cereals at the various stages of develop- 
ment. 

Pellet formulations of IPC generally were superior to an aqueous 
spray formulation. An appreciable amount of the spray applied IPC 
presumably was lost by volatilization or microbial decomposition 
prior to its being leached down to the root zone. 
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Some Effects of Isopropyl N-(3-Chlorophenyl) Carbamate 
and an Alkanolamine Salt of Dinitro Ortho Secondary 
Butyl Phenol on Germinating Cotton Seeds 


C. R. Swanson, W. C. SHaw and J. H. Hucues! 


ANY field studies have indicated the relative tolerance of cotton 
and other crops to certain chemicals used as pre-emergence 
weed killers. The possibility does exist, however, that the herbicide 
may cause injury to the crop when applied prior to emergence of 
the seedlings. The extent of injury will depend upon a number of 
factors such as rate of application, depth of seeding, penetration of 
the chemical into the soil, absorption of the chemical by the young 
plant and inherent tolerance of the species to a given herbicide. Im- 
plicit in each field test is the possibility that, under different con- 
ditions of rainfall, temperature and soil type, injury to the seedling 
crop cannot be ruled out. Some factors can be controlled to provide 
maximum safety to the germinating crop seeds, but others, such as 
weather conditions, are largely uncontrollable. 

Knowledge regarding the true tolerance of germinating crop seeds 
to an herbicide proposed for pre-emergence weed control is of the 
greatest importance. Only if the absolute effect of the chemical on 
the germinating seed is known will there be a basis for predicting 
crop tolerance under widely varying environmental conditions. 
Therefore, it is important to know early in the development of any 
proposed pre-emergence herbicide what the effect of that chemical 
will be under conditions of direct contact with the seed. This in- 
formation can be obtained most easily and accurately by means of 
in vitro studies under controlled laboratory conditions. 

The importance of isopropyl N-(3-chlorophenyl)carbamate (CIPC) 
and dinitro ortho secondary butyl phenol (DNBP) as herbicides, and 
their suggested use for pre-emergence weed control in cotton, indi- 
cates the need for study of the effect of these compounds on germinat- 
ing cotton seeds. Information regarding the mode of action of these 
chemicals is of equal importance to their judicious use under pre- 
emergence conditions. 

The purpose of the investigations reported here was to study the 
effects of two important pre-emergence herbicides on germinating 
cotton seeds and to determine some aspects of their mode of action. 


REVIEW OF LITERATURE 


The herbicidal properties of dinitro ortho secondary butyl phenol 
and isopropyl N-(3-chlorophenyl)carbamate are well known. Black- 
man, Templeman and Halliday (3) have reviewed the literature on 
the dinitro phenols and the development of the carbamates as 
herbicides has been reviewed by Freed (7) and by Shaw and Swanson 


‘Associate Plant Physiologist, Agronomist and Junior Plant Physiologist, re- 
spectively, Division of Weed Investigations, Bureau of Plant Industry, Soils and 
Agricultural Engineering, U. S. Department of Agriculture, Beltsville, Maryland. 


178 


SWANSON, ET AL. : GERMINATING COTTON SEEDS 179 


(13). Although differing in chemical structure, the carbamates and 
the dinitro compounds have in common the property of killing 
many annual weeds in crops when applied pre-emergence. The toxic- 
ity of the dinitro phenols to a wide range of organisms has been 
emphasized by Blackman et al. (3). It is probable that the dinitro 
compounds act upon a metabolic process common to many plants 
and animals. Respiration of treated tissue may be stimulated or 
inhibited depending upon the concentration used (5,11). Dinitro 
phenol may inhibit growth in plants with a simultaneous stimula- 
tion of respiration (4). The stimulatory response of corn root tip 
respiration to 2,4-dinitrophenol has been demonstrated by Beevers 
(2) who found that the respiratory — (RQ) was markedly in- 
creased. He concluded that the high RQ’s preduced were a result 
of induction of aerobic fermentation by the dinitrophenol. 

More information is available regarding the herbicidal properties 
than the physiological effects of the carbamates. However, it has been 
shown by Ennis (6) that isopropyl N-phenyl carbamate acts as a 
mitotic poison. Studies by Ivens and Blackman (9) indicate that the 
inhibition of root growth may be a result both of an effect on the 
spindle of dividing cells and an effect on some metabolic activity 
connected with mitosis. Their work with ethyl phenylcarbamate sug- 
gests that assessment of toxicity of the carbamates in terms of mitotic 
aberrations alone may give misleading results. Freed (8) stated that 
the respiration of seedlings treated with isopropyl N-(3-chloro- 
phenyl)-carbamate is initially inhibited, followed by a stimulation 
and then a gradual decline. 


MATERIALS AND METHODS 


The effects of CIPC and DNBP on germinating cotton seed were 
studied under controlled laboratory conditions. In the present in- 
vestigations, germination, root elongation and root-tip respiration 
were considered to be the more important factors in establishment of 
the young plant. Root-tip respiration and elongation of the radicle 
are especially good indicators of response of the seedling to treat- 
ment. 

Each treatment was replicated four times and each experiment was 
repeated at least three times to assure reproducibility. Acid delinted 
cotton seed, variety Acala 28, was used uniformly in these experi- 
ments. Three percent sodium hypochlorite was employed as a surface 
sterilant. The seeds were soaked in the hypochlorite solution for one 
minute and the excess chemical allowed to drain from the seeds be- 
fore germination experiments were begun. 

The chemicals used in these experiments were a concentrate of 
isopropyl N-(3-chlorophenyl)-carbamate (CIPC) in xylene, emulsi- 
fiable in water, and an alkanolamine salt of dinitro ortho secondary 
butyl phenol (DNBP) formulation containing three pounds of the 
dinitro ortho secondary butyl phenol per gallon. All rates and con- 
centrations were expressed in terms of the active isopropyl N-(3- 
chlorophenyl)-carbamate and the dinitro ortho secondary butyl 
phenol. 


{ 
q 
rt 
q 
= 
q 
‘= 
! 


180 WEEDs 


Direct contact treatments 


In the experiments designed to determine the effect of direct con- 
tact of the chemicals on response of the seedlings, the cotton seeds 
were germinated in Petri dishes 15 cm. in diameter. Two filter papers 
in the bottom of each dish served as the germination stratum. Ten 
ml. of the herbicide solution of appropriate concentration or ten ml. 
of distilled water were pipetted onto these filter papers. After plac- 
ing the surface sterilized seeds in each dish, they were covered with 
an untreated filter paper. The dish was covered and placed in an 
incubator. An additional 5 ml. of distilled water was added to each 
treatment on the second day after initiation of germination to main- 
tain growth. The chemicals were applied to the filter papers in the 
Petri dishes at rates equalling 0 to 8 pounds phenol equivalent per 
acre for DNBP and 0 to 16 pounds per acre for CIPC calculated on 
a surface area basis. 


Vapor treatments 


In the experiments on the effects of the vapors of the two herbicides 
on germination and root elongation of cotton seeds, the procedure 
was similar except that the chemicals were applied only to a filter 
paper fitted into the top of the Petri dish cover. The size of the 
filter paper was adjusted so that it was held up by the upper rim 
of the lower half of the Petri dish. There was a one inch separation 
between the germinating seeds and the treated filter paper. 

Germination was carried out in a constant temperature incubator 
maintained at 30°C during the day and 20°C at night. All measure- 
ments were taken 72 hours after the seeds were placed in the in- 
cubator. Root length measurements were made to the nearest mil- 
limeter. The seeds were considered germinated when the radicle was 
in excess of 1.5 mm. long. 


Respiration 

Respiration experiments were carried out with the conventional 
Warburg apparatus using the direct method of Warburg to deter- 
mine oxygen uptake and carbon dioxide evolution. All measure- 
ments were made at a bath temperature of 28.0°C. Figure | shows 
part of the experimental equipment. Root tips from the seedlings 
grown in contact with CIPC or DNBP were cut to approximately 
1 cm. in length, weighed, and placed in the main reaction portion 
of each flask. The center well contained 0.2 ml. of 20% KOH or 0.2 
ml. of distilled water, along with an accordion-folded filter paper to 
increase the absorbing surface. Filter paper disks were cut to fit the 
bottom of the flasks and 0.5 ml. of distilled water were added to each 
flask. In this way the flask atmosphere was kept sufficiently moist to 
maintain turgor of the root tips. This method (12) was used instead 
of suspending the root tips in water because immersion in water 
greatly impedes normal gas exchange. 

In later experiments designed to determine the initial effect of the 
chemicals on the respiration of untreated root tips, the herbicide 
solutions were added to the tissue from a side arm during the ex- 
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Fic. 1. Warburg flasks used in respiration studies. Root tips were placed in the 
main reaction portion of the flask. The center well contained alkali in oxygen 
absorption determinations and in those studies where the initial effects of the 
inhibitor were determined, the chemicals were tipped in from the side arm. 


Fic. 2. The effect of DNBP on the root elongation of cotton seedlings grown in 
contact with the chemical. Rates of application were 0, 1/32, 1/8, 1/2, 2 and 8 
pounds per acre, 
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periment after the normal rate of respiration was established. Con- 
centrations of chemical were expressed as the final concentration after 
dilution in the Warburg flasks. 


RESULTS AND DISCUSSION 


It is important to know the weed-killing properties of a pre- 
emergence herbicide but it is equally important to know how the 
germinating crop is affected. The data presented here indicate the 
growth and respiratory response of cotton seedlings to two important 
pre-emergence herbicides in the laboratory. A study was made of 
the effect of direct contact application of CIPC and DNBP on ger- 
mination, root elongation and root tip respiration. Experiments were 
also conducted in which the germinating seeds were exposed to the 
vapors of each of these chemicals. 


Germination and Root Elongation 

Direct contact treatments 

The data in Table | are the means of four replications of an 
experiment repeated three times. These results are typical of the 
response of the germinating cotton seeds in direct contact with 
DNBP. The clearly toxic effect of DNBP is shown in Figure 2. The 
mean lethal dosage (the rate at which 50 per cent kill or 50 per cent 
depression of growth is obtained) was approximately 14 pound per 
acre. Rates in excess of 4 to one pound per acre in direct contact 
with the seed caused almost complete inhibition of germination. 


Table 1. The effect of DNBP on the germination and root elongation of 
cotton seed germinated in direct contact with the chemical. 


DNBP per acre Germination Root elongation 

(Ibs) (percent of untreated) (percent of untreated) 
0 100 100 

1/32 91 70 

1/8 52 22 

1/2 18 14 
2 0 0 
8 0 0 


These data indicate that loss in germination and reduction in growth 
vigor could be expected when the seeds are in continued contact 
with rates in excess of !/;. pound per acre. 

Germinating cotton seeds were markedly more tolerant to CIPC 
than to DNBP as indicated in Table 2 and Figure 3. At rates up to 


Table 2. The effect of CIPC on the germination and root elongation of 
cotton seed germinated in direct contact with the chemical. 


CIPC per acre Germination Root elongation 
(Ibs) (percent of untreated) (percent of untreated) 
0 100 100 
1.6 100 56 
8 103 60 
16 101 52 
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Fic. 3. The effect of CIPC on the root elongation of cotton seedlings grown in 
contact with the chemical. Rates of application were 0, |, 4, 8 and 16 pounds 
per acre. 


16 pounds of CIPC per acre there was no inhibition of germination. 
CIPC produced a marked depression of root elongation but the de- 
gree of inhibition was independent of rate or concentration. A mean 
lethal dosage cannot be given for CIPC because there was no de- 
crease in germination, and inhibition of root elongation was not a 
function of concentration within the range studied. 

The young treated seedlings shown in Figure 3 indicate the type 
of abnormality produced by CIPC. In addition to being shorter than 
normal, the entire length of the primary root was swollen except for 
the terminal | or 2 mm., and there was usually a constricted region 
at the root-stem juncture. Microscopic examination of a number of 
transverse sections of CIPC treated roots showed no anatomical varia- 
tions from normal, other than cel! size. The cortical parenchyma 
cells were 2 to 3 times the diameter of comparable cells from un- 
treated roots. The number of rows of cells of the cortex was identical 
in each case. This suggests that the process of cell elongation may 
be selectively affected. 


Vapor treatments 


The data of Table 3 show that the vapors of DNBP inhibited both 
the germination and root elongation of cotton seed. As would be ex- 
pected, the level of activity was considerably below that of the chem- 
ical in direct contact with the seed. However, the vapor activity was 
sufficient to lower the overall seedling vigor. 
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Table 3. The comparative effects of DNBP as a vapor and as a contact 
treatment on the germination and root elongation of cotton seed. 


Germination Root elongation 
DNBP per acre 
Contact Vapors Contact Vapors 
(Ibs) (percent of untreated) (percent of untreated) 
0 100 | 100 100. 100 
1/32 91 97 70 | “94 
1/4 37 97 15 | 85 
2 0 93 0 69 
. 0 89 0 68 
| 


The vapor activity of CIPC is shown in Table 4. The nature of 
injury by the vapors of CIPC was of the same type as that of direct 
contact with the chemical. There was no effect on germination. 
However, root elongation was inhibited by a constant amount re- 
gardless of rate of application. Inhibition of root elongation by 
vapors of CIPC and DNBP was approximately equal at rates in 
excess of one pound per acre. 


Table 4. The effect of CIPC vapors on the germination and root elongation 


of cotton seed. 
— — 
CPIC per acre Germination Root elongation 

(Ibs) (percent of untreated) (percent of untreated) 

0 | 100 | 100 

1 110 74 

4 100 | 69 

16 99 | 72 


Respiration 

Studies of root-tip respiration were conducted to determine the 
effect of continued contact with sublethal dosages of CIPC and 
DNBP on the metabolic vigor of cotton seedlings. These investiga- 
tions were necessarily limited to determinations of gas exchange of 
root-tips grown in contact with rates of chemical low enough to 
avoid complete or severe inhibition of germination and root elonga- 
tion. Rates higher than '/;. pound per acre of DNBP produced 
severely malformed and shortened roots which were unsatisfactory 
for study. CIPC treated roots were straight and of uniform size over 
the entire range of concentrations. Therefore, since the two chem- 
icals varied so widely in their activity and mode of action, equivalent 
rates could not be studied. Insofar as possible, rates producing ap- 
proximately equivalent injury were investigated. 

The data of Table 5 indicate the effect of CIPC and DNBP on 
the respiration of cotton root tips after 72 hours of direct contact 
with the chemical. At 1/3. pound per acre of the dinitro there was 
a slight but consistent stimulation of both oxygen uptake and carbon 
dioxide evolution, with no important change in the respiratory 
quotient. CIPC produced a definite depression of respiration at the 
two rates investigated. At 1.6 pounds per acre there was a 20 per cent 
depression of oxygen consumption and at 8 pounds, oxygen uptake 
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Table 5. Respiration of cotton root tips grown in contact with CIPC and 


DNBP. 
Treatment 
— O: absorbed CO): evolved 
Chemical | Rate per acre 
(Ibs) (percent of untreated) 
Untreated . 0 1 1 
NPB.... 1/32 112 108 
CIPC 1.6 80 88 
CIPC 8.0 62 56 


was inhibited by 40 per cent. Carbon dioxide evolution followed the 
same trend. 

In order to obtain the initial effect of these compounds on root- 
tip respiration, untreated root tips were placed in the reaction por- 
tion of Warburg flasks. Thirty minutes after the beginning of each 
experiment, 0.5 ml. of CIPC or DNBP of the desired concentration 
were tipped from the side arm into the reaction vessel to make con- 
tact with the root tips. The rate of respiration prior to treatment 
was established for the first 30 minutes. After this initial period the 
herbicide was tipped into the reaction vessel and the immediate 
effect of each chemical on the root tips was determined. 

The effect of DNBP on the rate of oxygen absorption of previously 
untreated cotton root tips is presented in Figure 4. Each point on 
the graph is the mean of an experiment replicated twice and re- 
peated three times. In addition to the untreated controls, three con- 
centrations of DNBP were used — 0.72, 72, 7,200 ppm. The highest 
concentration used was approximately equal in concentration to the 
8 pound per acre treatments mentioned earlier in this report. There 
was a gradual slight decrease in the rate of respiration of the un- 
treated tissue with time, as indicated in Figure 4. The lowest con- 
centration of DNBP, 0.72 ppm., had no inhibitory effect and pro- 
duced a slight stimulation as compared to the untreated control. 
At 72 ppm. there was an immediate depression followed by a gradual 
decrease in rate of oxygen uptake for the duration of the experiment. 
Within two hours, the rate of oxygen uptake had been cut in half 
and after three hours, oxygen uptake was less than one third that of 
the controls. Response of the root tips to 7,200 ppm. DNBP was im- 
mediate and severe. Within half an hour after treatment the rate of 
oxygen absorption was one fifth that of the untreated and within an 
hour the rate had dropped to less than one tenth that of the controls. 
This low rate was maintained for the remainder of the experimental 
period. Carbon dioxide evolution followed similar trends but at 
7,200 ppm., CO, was depressed to a greater extent than Oz, with a 
resultant average respiratory quotient (RQ) of 0.75. At 72 ppm. 
DNBP, CO, was inhibited less than Os, yielding an RQ of 1.2. The 
RQ of untreated tissue averaged 0.97. 

During the course of experiments to determine the effect of 
CIPC on oxygen uptake and carbon dioxide evolution it became 
evident that a reaction was taking place in the flasks in addition to 
the effect of the chemical on the gas exchange of the root tissue. 
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Fic. 4. Respiration of cotton root tips treated with several concentrations of 
DNBP. The chemical was added to the root tips 30 minutes after each experi- 
ment was initiated. 


When dilute CIPC was added to the root tips respiring in water a 
complete reversal of the manometric curve was noted. This was 
followed by a return to a rate near that of the original within 20 
minutes. The gas evolved was not fixed by alkali, indicating that the 
excess pressure was not due solely to carbon dioxide. James and Gar- 
ton (10) found a very similar reaction when using sodium diethyldi- 
thiocarbamate, and attributed the evolution of gas to production of 
carbon oxysulfide upon breakdown of the carbamate. In the case 
of CIPC it is possible that the sudden pressure was due to vaporiza- 
tion of the solvent or perhaps to alteration of gas solubility in the 
unbuffered solutions. An identical reaction occurred when no root 
tips were present. Therefore, it was possible to calculate an ap- 
proximate rate of oxygen consumption and carbon dioxide evolu- 
tion after treatment. 

Pronounced inhibition of oxygen uptake was noted when CIPC 
was added to untreated excised cotton root tips. Treatments were 
31, 310, and 3,100 ppm. of CIPC added to the root tips after the 
normal respiratory level was determined. As shown in Figure 5, 
there was no inhibition of oxygen uptake at 31 ppm. The apparent 
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Fic. 5. Respiration of cotton root tips treated with several concentrations of 
CIPC. The chemical was added to the root tips 30 minutes after each experi- 
ment was initiated. 


slight stimulation at this concentration was nullified by the fact that 
addition of a suspension of the solvent alone produced a slight 
stimulation of oxygen absorption. At 310 and 3,100 ppm. of CIPC 
there was a progressive inhibition of oxygen uptake with time after 
addition of the chemical. The relatively greater inhibition of oxygen 
uptake than of carbon dioxide evolution is indicated by the respir- 
atory quotients obtained. The mean RQ of untreated tissue was 
1.07 and that of root tips treated with 31 ppm. was 1.06. Root tips 
treated with 310 ppm. had an initial RQ of 1.08 which increased to 
1.37 three hours after treatment. At 3,100 ppm., the mean RQ was 
1.62. 

The high RQ obtained by treatment with CIPC may indicate that 
aerobic fermentation is induced in treated cotton root tips. Beevers 
has demonstrated that in corn root tips treated with malonate (2) 
and 2,4-dinitrophenol (1) there is an induction of aerobic fermenta- 
tion. The similarity of respiratory response of CIPC treated tissue 
to that treated with malonate or dinitrophenol suggests that a similar 
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mechanism may exist for the carbamates. Further work is in progress 
to delineate the effect of carbamates on respiration and growth. 

The responses of germinating cotton seed to CIPC and DNBP 
showed some important differences in the mode of action of the two 
chemicals. A sharp drop in germination and root elongation occurred 
with treatment of extremely low rates of DNBP, whereas the germi- 
nation in CIPC was unaffected even at high rates and root elongation 
was inhibited by a constant amount independent of rate of applica- 
tion. Approximately equivalent effects were produced on root elonga- 
tion by !/32 pound per acre of DNBP and 1.6 pounds per acre of 
CIPC. Respiration was stimulated slightly by DNBP and depressed 
markedly by CIPC at these rates. There was no effect of any rate 
of CIPC on germination. However, root elongation was depressed 
a constant amount, and respiration was inhibited progressively with 
increasing concentration of the chemical. Where the chemicals were 
added to untreated, excised root tips respiring in Warburg flasks the 
maximum effect on respiration at a given concentration was attained 
more rapidly with DNBP than with CIPC. The relative speed and 
extent of reaction of DNBP may be partially attributed to its greater 
solubility in water. The fact that a steady rate of respiration was 
not reached with CIPC within the three hour experimental period 
may indicate a slow but continual absorption of the chemical with 
an accumulative effect on oxygen consumption. 


SUMMARY 


1. The effects of two important pre-emergence herbicides, an 
alkanolamine salt of dinitro ortho secondary butyl phenol and 
isopropyl N-(3-chlorophenyl)carbamate, on the germination, root 
elongation and root tip respiration of cotton seeds and seedlings were 
studied. 

2. Germination and root elongation were strongly inhibited by 
low rates of application of DNBP in contact with germinating cotton 
seed. CIPC did not inhibit germination of cotton seed. However, 
root elongation was inhibited a constant amount throughout the 
range of rates used. 

3. Respiration of cotton root tips excised from seedlings grown in 
contact with the two chemicals indicated a slight stimulatory effect 
for sublethal dinitro and a progressive depression of respiration with 
increasing rates of CIPC. 

4. The effects of the dinitro compound and CIPC on the respi- 
ration of previously untreated root tips are presented. DNBP was 
rapidly inhibitory and the inhibition due to CIPC was more gradual. 
CIPC depressed O, uptake more than CO, evolution, with a resultant 
high RQ. The possibility that aerobic fermentation was induced 
was discussed. 
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Effect of Maleic Hydrazide on Soil Bacteria and 
other Microorganisms 


L. G. Nicket and A. R. ENGLIsH 
Biochemical Research Laboratories, 


Chas. Pfizer & Co., Inc., Brooklyn, New York 


INTRODUCTION 


—— the past few years the use of chemicals as herbicides has 
increased so rapidly that today in the United States alone mil- 
lions of acres are being treated in the fight to control weeds. In 
addition to determining the effect of these chemicals on the plants 
involved (both desirable ones as well as weeds), it is most important 
to find out how the compounds affect the soil microflora. This as- 
semblage of microscopic organisms plays a most vital role in the 
balance of nature, and, if the herbicide to be employed has as great 
an effect on the soil population as it does on the higher plants, its 
use might be impractical due to the resultant imbalance. 

The best known of the herbicides, as well as the most widely used, 
is 2,4-D (2, 4-dichlorophenoxyacetic acid). Many workers have tested 
its effects on microorganisms, and the general conclusion is that at 
the levels used for herbicidal activity, 2,4-D has little or no adverse 
effect on their growth. 

Among the specific organisms tested and found to be relatively un- 
affected by 2,4-D were the free nitrogen fixing Azotobacter (21) and 
the symbiotic nitrogen fixing Rhizobium (2,13,23). Kratochvil made 
a comparative study of the effects of several established as well as 
several experimental herbicides on soil microorganisms (9). He 
found that those tested fell into three groups: (a) those causing a 
significant reduction in soil microbial activity: TCA (trichloroacetic 
acid), PCP (pentachlorophenol), IPC (isopropyl-N-phenylcarbamate), 
EH2 (dichloralurea), (b) those having no influence: 2,4-D, Endothal 
(disodium 3,6-endoxohexahydrophthalate), 2,4,5-T (2,4,5-trichloro- 
phenoxyacetic acid), and (c) those having a stimulatory effect on 
microbial activity: EH] (sodium 2,4-dichlorophenoxyethy! sulfate). 

One of the more recent additions to the groups of compounds 
which control plant growth is the growth inhibitor maleic hydrazide 
(MH) (19). This compound is not a plant hormone in the conven- 
tional sense of the term, but rather seems to be a true growth in- 
hibitor, being unable to stimulate at high dilutions (16,17,20,22). 
Evidence is accumulating that it acts as an anti-auxin (10,11). 

Work recently published, which was done with pathological as 
well as normal plant material, showed that at very low concentra- 
tions, MH inhibits the growth of Rumex virus tumor tissue grown 
in vitro (17). During the same period work was started to test its 
effect on soil bacteria. It is the purpose of this paper to present data 
on this subject. While this material was being written, an article ap- 
peared by Daste (5) showing that MH is practically without effect 
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on the development of Azotobacter in the soil, whereas it is strongly 
inhibitory to Cytophaga. The present paper will furnish data to 
support the lack of effect on Azotobacter until high levels are reached. 


MATERIALS AND METHODS 


Five widely different types of organisms were used in these tests: 
(1) the free-living nitrogen fixing Azotobacter vinelandii, (2) the 
crown gall organism Agrobacterium tumefaciens, (3) a group of 
microorganisms representing the various groups affecting animals 
and man, including Gram-positive, Gram-negative, and acid fast bac- 
teria as well as a yeast-like fungus, (4) pure cultures of unidentified 
bacteria freshly isolated from the soil, including Gram-positive and 
Gram-negative types, and (5) nine strains representing 5 species of 
the symbiotic nitrogen fixing genus Rhizobium. Since the conditions 
for working with each group mentioned above are so different, it is 
deemed best to give the methods used with each type under the 
experimental results for that type. 

The maleic hydrazide used in this work was in the form of the 
diethanolamine salt in 30 per cent solution, supplied by Naugatuck 
Chemical Division, U. S. Rubber Company. The levels used are based 
on the active ingredient. 


EXPERIMENTAL RESULTS 


1. Azotobacter vinelandii 


The strain of Az. vinelandii and minimal solution used for its 
maintenance were the same as used by Nickell and Burkholder in 
their study of the effect of antibiotics on Azotobacter (18). The com- 
position of this minimal solution is as follows: K,HPO,, 0.8 gram; 
KH,PO,, 0.2 gram; MgSO,, 0.2 gram; NaCl, 0.2 gram; CaSO,, 0.1 
gram; Fe.(SO,);, 0.01 gram; sucrose, 20.0 grams; trace elements solu- 
tion (1), 0.5 ml.; and water, 1000 ml. The pH of this medium was 7.0. 

Two types of experiments were conducted. In the first type MH 
was added in the desired concentrations to the minimal medium 
containing 1.5% Difco Noble agar and autoclaved. This was poured 
into Petri plates and let solidify. Then | ml. of a fresh suspension 
of Azotobacter at a dilution which would permit growth of separate 
colonies in the control was plated out on this medium. The effect of 
MH on the resultant number of colonies is shown in Table I. These 
counts were made after 72 hours incubation. 


Table 1. Effect of MH on the growth of Azotobacter vinelandii. MH added 
to solid minimal medium, Az. vinelandii plated out on solidified medium. 
Number of colonies counted after 72 hours. 


MH added 


| No. colonies per plate 
10 ppm.. 655 
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In the second type of experiment MH was added in the desired 
concentration to the liquid minimal medium. After sterilization of 
the medium, tubes were inoculated with a fresh suspension of 
Azotobacter and placed on a shaker at 21°C. for seven days. At this 
time, | ml. was removed from each test level and plated out on 
fresh solidified minimal medium containing no MH. After 72 hours, 
counts were made to determine the effect of MH on the growth of 
Az. vinelandii under these conditions (Table I). 


Table 2. Effect of MH on the growth of Azotobacter vinelandii. MH added 
to liquid minimal medium, inoculated with Az. vinelandii, shaken at 21°C. 
for seven days, plated out on solidified medium without MH. Number of 
colonies counted after 72 hours. 


MH added No. colonies per plate 


2. Agrobacterium tumefaciens 

The strain of A. tumefaciens used was the A6 strain of Riker. The 
medium used throughout the experiments with this organism was 
Difco nutrient broth or agar according to the type experiment. 

The same two types of experiments were conducted as with Az. 
vinelandii: (1) MH added to nutrient broth, inoculated with the 
crown gall bacterium, incubated at 21°C. for 60 hours on a shaker, 
plated out on nutrient agar, colonies counted after 48 hours incuba- 
tion at 21°C.; and (2) fresh suspension of the crown gall bacterium 
plated out on nutrient agar containing desired levels of MH and in- 
cubated 48 hours at 21°C. 

Results of the first experiment are shown in Table III. In the 
second type of experiment, levels of MH in the agar up to 10,000 
ppm had no effect on the number of colonies of the bacteria. At 
50,000 ppm there was complete inhibition of growth. 


Table 3. Effect of MH on the growth of Agrobacterium tumefaciens. MH 
added to nutrient broth, inoculated with A. tumefaciens, shaken at 21°C. 
for 60 hours, plated out on nutrient agar without MH. Number of colonies 
counted after 48 hours. 


MH added | No. colonies ver plate 


A third type of experiment was carried out with MH and 4. 
tumefaciens in which the bacteria were inoculated into cooled nutri- 
ent agar, poured into Petri plates, and let solidify. Then filter paper 
discs were dipped into MH solutions of various concentrations and 
placed in the center of the plates which were then incubated for 48 
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hours at 21°C. After this incubation the control plate and those con- 
taining pads with MH solutions up through 10,000 ppm had a com- 
plete film of bacterial growth. Those containing pads with MH solu- 
tions of 50,000 ppm had no zones of inhibition but rather small 
discrete colonies uniformly distributed throughout the plate, show- 
ing an inhibition of what would be normal growth of the original 
inoculum cells. 


3. Representative microorganisms 

Microorganisms, which represent a variety of genera and species, 
of a group commonly used for routine antibiotic testing were selected 
for study (6). The sensitivity of these microorganisms to MH was 
determined by the two-fold, serial dilution technique. Final con- 
centration of MH ranged from 100 ppm in the first tube diluted 
through 0.5 ml. of medium to 0.19 ppm in the tenth tube. The 
inoculum consisted of 0.5 ml. of a 1x10 dilution of a standardized 
culture. Final volume in each tube was | ml. Incubation was at 37°C. 
for 18-24 hours. The medium of choice for the regular laboratory 
stock cultures was Difco nutrient broth. The medium of Dubos ad- 
juncted with Tween 80 was used for the tests involving the saprophy- 
tic mycobacteria. Incubation for the saprophytic mycobacteria was 
at 37°C. for approximately 36 hours. The microorganisms used in 
this experiment are listed in Table IV. In concentrations up to 100 
ppm, MH had no activity against any of these organisms. 


Table 4. List of microorganisms against which MH was found to be inactive 
at the levels tested. 


Aerobacter aerogenes strain No. 1 Klebsiella pneumoniae 
(antibiotic resistant) Micrococcus pyogenes var. aureus 
Aerobacter aerogenes strain No. 2 Bacillus subtilis 
Aerobacter aerogenes parent strain Streptococcus faecalis 
Escherichia colt Candida albicans 
Proteus sp. Mycobacterium ranae 
Pseudomonas aeruginosa Mycobacterium phlei 
Salmonella typhosa Mycobacterium smegmatis 
Salmonella paratyphi A Mycobacterium sp. No. 607 
Salmonella paratyphi B Mycobacterium butyricum 
Brucella bronchiseptica berolinense 


4. Unidentified bacteria freshly isolated from the soil 


The bacteria used in this experiment were freshly isolated into 
pure cultures from soil samples collected in different localities and 
different soil types. They were not identified further than their 
staining by the Gram method. Both Gram-positive and Gram-nega- 
tive types were represented. The only effort made to vary the isolates 
was based on colonial appearance, color, and other gross characters. 
From the many isolates, 10 which differed in these gross character- 
istics were used in tests with MH. The technique was the same two- 
fold serial dilution method described in the previous section. In no 
instance was there any activity shown against the soil bacteria. For 
this reason, a further experiment was conducted in order to deter- 
mine how high a concentration of MH was necessary to prevent 
growth of these bacteria. In the case of isolate #14484—22 there was 
no effect on growth at 9 mgm/ml or 9,000 ppm. At 18,000 ppm 
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growth was inhibited. In the case of isolate #14489-32, there was no 
effect on growth at 18,000 ppm. At 36,000 ppm growth was inhibited. 


5. Strains of Rhizobium species 

The sensitivity of these bacteria was determined by the same two- 
fold serial dilution method described in the two previous sections. 
The results presented in Table V show that certain strains of the 
rhizobia are the most sensitive soil microorganisms tested. 


Table 5. Effect of MH on the growth of Rhizobium strains. Minimum in- 
hibitory concentration (MIC) determined by two-fold, serial dilution tech- 
nique. 


Strain 


Rhizobium lupini 814 

Rhizobium lupini 810 

Rhizobium cowpea 629v.................. 
Rhizobium japonicum 500v. .... ; 
Rhizobium leguminosarum 308 
Rhizobium japonicum 504v 

Rhizobium phaseoli 405 


DIscUSSION AND SUMMARY 


Because of the possibility of its use as a general herbistat and as a 
growth inhibitor of grasses, maleic hydazide has been tested for its 
effect on microorganisms, particularly soil bacteria. In general, MH 


was found to have little effect on the growth of these microorganisms. 
Even the most sensitive organisms tested, certain strains of Rhizo- 
bium, were unaffected until levels of 280 ppm and over were reached. 
All other bacteria were relatively unaffected until levels of 1000 ppm 
and over were reached. This was with MH added to the growth 
medium, thereby giving it full opportunity to act. It is not known 
whether, at the higher concentrations affecting bacterial growth, it is 
actually MH which causes the inhibition. Perhaps the diethanola- 
mine is responsible. Chronic feeding studies in animals indicate 
that diethanolamine itself is toxic (25). 

It is therefore logical to assume that MH is a safe compound to 
use in the regulation of plant growth, since the levels used effectively 
on plants are lower in most cases than that level which affects bac- 
terial growth (3,4,7,8,14-16,19,24). Furthermore, in most cases, ap- 

lication is by spraying, so that the total amount reaching the ground 
is far less than that used in the spray since less spray reaches the 
ground. Once in the soil, the level would probably be further 
lowered by leaching, physical inactivation, chemical inactivation, 
and biological degradation as is indicated by the work of Levi and 
Crafts (12). The conclusion reached by these workers is that MH 
residues would not constitute a problem in most California soils. 


LITERATURE CITED 


1. Burknovprr, P. R., and L. G. Nickett. Atypical growth of plants. I. Culti- 
vation of virus tumors of Rumex on nutrient agar. Bot. Gaz. 110:426—437. 
1949. 


. 
570 
280 
1150 
280 
= 570 
570 


195 


NICKELL AND ENGLISH: ErFrect OF MALEIC HybRAZIDE 


23. 
24. 


. Carty.e, R. E., and J. D. THorpe. 


Some effects of ammonium and sodium 
2,4-dichlorophenoxyacetates on legumes and the Rhizobium bacteria. 
Jour. Amer. Soc. Agron. 39:929-936. 1947. 

Crarts, A. S., H. B. Currier, and B. E. Day. Response of several crop plants 
and weeds to maleic hydrazide. Hilgardia 20:57-80. 1950. 

Currier, H. B., and A. S. Crarrs. Maleic hydrazide, a selective herbicide. 
Science 111:152-153. 1950. 

Daste, P. Action de l'hydrazide maleique sur le developpement de l'Azoto- 
bacter et du Cytophaga. Compt. Rend. Soc. Biol. (Paris) 146:849-852. 
1952. 

Encuisu, A. R., M. F. Frevp, S. R. Szenpy, N. J. TAGLIANI, and R. A. Frits. 
Magnamycin. I. Jn vitro Studies. Antibiotics and Chemotherapy 2:678- 
688. 1952. 


. Erickson, L. C. and C. Price. Some effects of maleic hydrazide on sugar 


beet plants. Amer. Jour. Bot. 37:657-659. 1950. 


. Greuracn, V. A., and E. Atrcuison. Inhibition of growth and cell division 


in onion roots by maleic hydrazide. Bull. Torrey Bot. Club 77:262-267. 
1950. 

Kratocuvit, D. E. Determinations of the effect of several herbicides on 
soil microorganisms. Weeds 1:25-31. 1951. 


. Leopoip, A. C., and W. H. Krein. Maleic hydrazide as an antiauxin in 


plants. Science 114:9-10. 1951. 

, and Maleic hydrazide as an ani-auxin. Physiol. Plantarum 
5:91-99. 1952. 

Levi, E., and A. 8. Crarrs. Toxicity of maleic hydrazide in California soils. 
Hilgardia 21:431-463. 1952. 


. Lewis, R. W., and C. L. Hammer. Effect of 2,4-D on some microorganisms. 


Mich. Agr. Exp. Sta. Quart. Bull. 29:112-114. 1946. 


. McIiratu, W. J. Response of cotton plant to maleic hydrazide. Amer. 


Jour. Bot. 37:816-819. 1950. 


. Moorr, R. H. Several effects of maleic hydrazide on plants. Science 112: 


52-53. 1950. 


. Naytor, A. W., and E. A. Davis. Maleic hydrazide as a plant growth in- 


hibitor. Bot. Gaz. 112:112-126. 1950. 


. Nickett, L. G. Effect of maleic hydrazide on normal and atypical growth 


of Rumex acetosa. Amer. Jour. Bot. 40:1-3. 1953. 
, and P. R. BurkHoiper. Inhibition of Azotobacter by soil actinomy- 
cetes. Jour. Amer. Soc. Agron. 39:771-779. 1947. 


. Scnorne, D. L., and O. L. HorrMan. Maleic hydrazide, a unique growth 


regulant. Science 109:588-590. 1949. 


. SrruckMeyer, B. E. The effect of maleic hydrazide on the anatomical 


structure of Croft Easter lilies. Amer. Jour. Bot. 40:25-29. 1953. 


. Vinparp, G., and P. Daste. Influence de l’acide 2,4-dichlorophenoxy- 


acetique sure le developpement de |’Azotobacter dans le sol. Compt. Rend. 
Acad. Sci. (Paris) 233:1310-1312. 1951. 

Witrwer, S. H., R. C. SHarMa, L. E. WELLER, and H. M. Seti. The effect 
of preharvest foliage sprays of certain growth regulators on sprout inhibi- 
tion on storage quality of carrots and onions. Plant Physiol. 25:539-549. 
1950. 

Wrosrt, T. (Influence of 2,4-D on Rhizobium.) Acta Microbiol. Polon. 
1:39-41. 1952. 

ZuKeEL, J. W. Use of maleic hydrazide as a plant growth inhibitor. Agri. 
Chem. 5:35-37. 1950. 

Literature summary on maleic hydrazide. Maleic Hydrazide 

Information Sheet #6A. Naugatuck Chemical Div., U. S. Rubber Co. 

March I, 1953. 


. 
- 
2 
8 
4. 
5. 
6. 
11. 
12. 
3 
14 4 
= 
| 
20 
2 
i 
25. 
g 


Effect of CMU on Nutgrass (Cyperus rotundus L.) 
A. J. Lousratot, H. J. Cruzapo, and T. J. Muzik! 


CMU has been 
shown to be a potent herbicide which persists in the soil for long 
periods of time (1, 2, 3) it was tested in the following experiments to 
control nutgrass (Cyperus rotundus L.). 


EXPERIMENTAL 


A flat area with a heavy stand of nutgrass was divided into two 
randomized blocks that received four treatments each. One block 
was plowed to a depth of 6 inches and the other block was left un- 
disturbed. CMU was applied in the form of 80 percent wettable 
powder with a knapsack sprayer at the rate of 0, 20, 40, and 80 
pounds per acre to plots in each block. 

Samples of soil 1-foot-square at 3-inch intervals to a depth of 9 
inches were taken from the various plots before the treatments were 
started and again in November, 514 months after the herbicide was 
applied. 

Within a month after treatment the nutgrass in all CMU plots 
appeared chlorotic and began to die off. By the end of the second 
month the nutgrass had disappeared in all treated plots except those 
unplowed and sprayed at the 20-pound rate. In these latter plots 
the nutgrass was only partially killed. Heavy rain fell during the 
next 3 months and the nutgrass in all unplowed plots regardless of 
rate of CMU gradually recovered until the land was completely 
covered with the weed. Nutgrass in the plots plowed and sprayed 
with 20 pounds of CMU per acre also recovered completely while 
that in plots sprayed with 40 pounds of CMU recovered partially and 
nutgrass in plots treated with 80 pounds of CMU recovered only 
slightly. 

Kithough there was a reduction of 80 to 90 percent in number of 
live tubers in the plots plowed and treated with 80-pound CMU per 
acre, enough live tubers remained to reinfest the area. This experi- 
ment indicates that a single application of CMU at a relatively high 
rate reduced the infestation of nutgrass but did not eradicate it. 

Effect of CMU on nutgrass tubers at different depths in the soil. — 
Studies on the movement of CMU in the soil have shown that the 
herbicide does not move beyond the first two inches even when an 
inch rainfall equivalent followed its application (3). 

In view of that fact, the following experiment was conducted to 
study the effect of depth of planting of nutgrass and treatment with 
CMU, under greenhouse conditions where environmental factors 
could be better controlled. 

Mature, healthy tubers were collected from a plowed field and 
divided at random into lots of 20 tubers each. Five-gallon earthen- 
ware jars (coffee urns) were filled with a uniform mixture of screened 
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Table 1. Effect of soil surface treatment with CMU on growth and propa- 
gation of nutgrass tubers planted 1” to 15” in depth.’ 


Plant- Tubers per jar Total fresh Average fresh 
ing Shoots per jar weight of tubers weight per 
depth of per jar tuber 
20 tub- Alive Dead 
1/11/52) Check | Treated | Check | Treated | Check | Treated | Check | Treated) Check |Treated 
No. No No. No. No. No. Gms. | Gms. Mgs. Megs. 
| 53 0 184 0 0 11 54.1 0 294 0 
2 in... 48 0 234 0 0 15 64.5 0 275 0 
4 in... 45 11 223 31 0 11 52.2 2.4 234 77 
6 in... 62 3 215 22 0 13 50.8 3.9 236 177 
8 in... 47 5 235 15 1 17 55.0 2.8 234 186 
10 in... 33 9 141 15 0 18 23.5 3.2 166 213 
12 in... 45 6 130 8 4 18 22.1 2.6 170 325 
15 In... 30 16 155 59 1 10 31.4 9.0 202 152 


*Data obtained June 27, 1952, 54 months after planting and treatment. 


soil free of nutgrass tubers. Duplicate sets of jars were planted with 
20 tubers each at depths of 1, 2, 4, 6, 8, 10, 12, and 15 inches below 
the surface. After planting, bs requ uired depth of soil was placed on 
top of the tubers and firmed gently without packing. All jars were 
then watered to field capacity or until excess water drained from the 
holes at the bottom of the jars. One member of each pair of jars 
was treated with CMU at the rate of 40 pounds per acre. The re- 

uired amount of CMU was dispersed in water and sprayed on to 
the surface of the soil. After the treatments were applied and at 
intervals of 1 week or as needed, all the jars were watered with the 
equivalent of one-fourth inch of rain with a sprinkling can. Emer- 
gence counts and other data were taken at 1, 2, and 514 months 
after treatment. At the time the final data were obtained, the soil 
was washed from the jars and the number of live and dead tubers 
counted. The average fresh weight of the live tubers was also de- 
termined. These data are presented in table |. 

Tubers planted 1” to 8” below the surface of untreated soil in- 
creased 9 to 11 fold during 514 months. Those planted 10” to 15” 
below the surface of untreated soil increased 7 to 8 fold during the 
same period. All tubers appeared healthy regardless of depth of 
planting, but the tubers developed from those planted 1” to 8” below 
the surface were larger and heavier than those developed from tubers 
planted 10” to 15” deep. 

The tubers planted 1” and 2” below the surface of treated soil 
were completely eradicated. Those planted at a 4” depth increased 
in numbers, but they were very small and shriveled as evidenced 
by the average weight per tuber (77 mg.), compared to that of the 
corresponding check tubers, (234 mg.). Tubers planted 6” to 12” 
below treated soil showed little or no increase in numbers during 
the 514 months, but instead there was considerable decrease at most 
planting depths. However, as the planting depth increased the size 
and weight of the surviving tubers increased. Tubers planted 15” 
below treated soil increased three-fold in number, and these ap- 
peared healthy though somewhat smaller than the corresponding 
check tubers. 
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These data show that CMU can eradicate nutgrass tubers within 
4” of the soil surface. They also show that CMU has a strong in- 
hibitory effect on tubers located as deep as 15” below the surface. 
However, the deeper the tubers are located the better chance they 
have of surviving the effects of the CMU. Eventually the toxic effect 
of the CMU is dissipated and the deep tubers can sprout and reinfest 
an area. Therefore, an effective program for eradication of nutgrass 
with CMU should include occasional deep plowings to bring the 
tubers to the surface and in contact with the CMU. Figure | shows 
nutgrass plants that developed from tubers planted in the soil at 
depths of 1, 2, 4, 6, 8, 10, 12, and 15 inches. The plants were harvested 
four months after planting. Note that the above-ground height of 
shoots is about the same regardless of the depth at which the tubers 
were planted. No plants developed in the pots treated with CMU 
and planted with tubers at | and 2 inch depths and only a few 
plants developed from the other treated pots. 


Depth of planting (inches) 


Fic. 1. — Shows nutgrass ew that developed from tubers planted in untreated 
soil at depths of 1, 2, 4, 6, 8, 10, 12, and 15 inches. The plants were harvested 
4 months after planting. Note that the above-ground height of the shoots is 
about the same regardless of the depth at which the tubers were planted. 


Effect of CMU and alternate plowing on nutgrass control. — The 
foregoing field experiment showed that high rates of CMU (80 
pounds per acre) greatly reduced the population of nutgrass tubers 
in the soil but did not completely eradicate them. Field and green- 
house studies indicated that the reason for the incomplete eradica- 
tion was due to the fact that CMU did not leach beyond the first 
two inches of soil (3) and the deep tubers were protected against the 
toxic action of the herbicide near the surface. Thus, the tubers that 
did not come in contact with CMU remained viable until the 
toxicity in the surface two inches of soil had dissipated. In view 
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of this fact the following experiment was carried out in which 
relatively low rates of CMU were combined with alternate plowing 
to bring the tubers in contact with the herbicide. Plots treated with 
2,4-D and TCA (sodium trichloroacetate) were also included in the 
experiment for comparison. 

A flat area of toa silty clay soil infested with nutgrass was plowed, 
disked and divided into two randomized blocks that received the 
treatments listed in table 2. The herbicides were — in water 
with knapsack sprayers. Six weeks after the initial application all the 
plots except the undisturbed control plots were plowed again and 
retreated at the indicated rates. After 14 weeks one half of each 
treated plot was plowed and sprayed again. Counts of live tubers 
to a depth of 12 inches were made in December. 

The data (table 2) show that six months after the initial treatment 
all plots in which CMU was applied either alone or in combination 
with 2,4-D and TCA had only a few live tubers remaining. On the 
other hand, check plots and those treated only with TCA had over 
600 tubers per cubic foot and plots treated only with 2,4-D had 250 
tubers per cubic foot at the end of six months. 


Table 2. Counts of live nutgrass tubers per cubic foot of soil, 6 months after 
treatment with CMU, TCA, 2,4-D alone and combined. 


Two plowings—6 weeks apart | Three plowings—6 and 8 weeks 


each followed by application at | apart each followed by applica- 
Treatments indicated rate tion at indicated rate 
Tuber counts per cu. ft. | Tuber counts per cu. ft. 
No. No 

Control (plowed).......... 501 ra 
Control (not phowed) 621 — 
40 lb./aCMU... ‘ows 7 4 
20 Ib./a CMU.... of 23 5 
20 lb. CMU } 5 3 
20 lb. TCA 
20 Ib. CMU 
20 lb. TCA 25 5 

5 Ib. 2,4-D } 
20 Ib. CMU } wien 3 2 

5 Ib. 2,4-D 
40 Ib. TCA... ae 735 615 

5 Ib. 2,4-D... 131 250 


*Average number tubers per cu. ft. at start of experiment /70. 
tNo data taken. 


This experiment shows that nutgrass tubers were reduced as ef- 
fectively in plots plowed and sprayed twice with 20 pounds CMU as 
in plots plowed and treated 2 or 3 times with 40 pounds CMU. 
The applications of relatively low rates of CMU combined with 
alternate plowings was more effective in killing the tubers than 
was application of high rates of CMU alone. Figure 2 shows the 
good control of nutgrass achieved with two applications of CMU 
each at 20 pounds per acre followed by two plowings 6 weeks apart. 
The photograph was taken 4 months after the last plowing. Examina- 
tion of the soil to a depth of 12” showed only an occasional live 
tuber. 


“he 
= 


200 WEEDs 


Fic. 2.— Control of nutgrass was achieved with two ppg of CMU each 
at 20 pounds per acre followed by two plowings 6 weeks apart. The photograph 
was taken 4 months after the last plowing. Examination of the soil to a depth 
of 12” showed only an occasional live tuber. Note the nutgrass in the foreground 
on a plowed but untreated plot. 


SUMMARY 


Preliminary field experiments designed to test CMU for controlling 
nutgrass showed that there was 80 to 90 percent reduction in num- 
bers of live tubers in plots that had been plowed and then treated 
with the herbicide at the rate of 80 pounds per acre. 

A greenhouse experiment in which nutgrass tubers were planted 1, 
2, 4, 6, 8, 10, 12, and 15 inches below the surface of soil treated with 
CMU at 40 pounds per acre and in untreated soil showed that tubers 
planted 1” and 2” below the surface of treated soil were completely 
eradicated and those planted at a 4” depth were shriveled and ap- 
parently severely damaged. Tubers planted 6 to 12 inches below 
treated soil decreased in numbers during 514 months after treatment 
but those that remained appeared healthy. Tubers planted at a 
depth of 15” increased three-fold in number though they were 
smaller than the tubers planted at the same depth in untreated soil. 
Tubers planted in untreated soil increased many fold in number at 
all depths of planting. This and other studies which showed that 
CMU did NOT move beyond the first two inches of soil indicated the 
reason for the incomplete tuber eradication even when 80 pounds 
per acre of CMU was used. 

Subsequent field experiments in which low rates of CMU were 
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combined with alternate plowing to bring the tubers in contact with 
= herbicide showed that nutgrass tubers were practically eradicated 


; ah we that had been plowed and sprayed twice —6 weeks apart 


CMU at 20 pounds per acre. 
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Failure of Light Activated Riboflavin to Counteract the 
Growth Inhibition of Two Benzoic Acid Derivatives' 


Rosert H. HAMILTON and Ricnarp J. ALDRICH? 


- HAS been reported by Carroll (1, 2) that light activated riboflavin 
will counteract 2,4-D inhibition, presumably due to an inactiva- 
tion or destruction of the 2,4-D molecule. Hansen and Buchholtz 
(7) found that light activated riboflavin would inactivate the 2,4-D 
molecule in vitro and it appeared that 2,4-dichlorophenol was one 
of the decomposition products. Galston (3, 4, 5) has shown that ribo- 
flavin may act as a photo-receptor and a hydrogen carrier in the 
oxidation of indol-3-acetic acid, the reduced riboflavin being re- 
oxidized by the air. It would appear, therefore, that riboflavin may 
play an important role in the breakdown of growth substances in 
the plant. 

Plants treated with benzoic acid derivatives show prolonged effects 
as compared with 2,4-D. Minarik, et al (8) found that while 2,4-D 
treatment resulted in 3 or 4 malformed leaves on young bean plants, 
the benzoic acid derivatives resulted in a much greater number of 
distorted leaves, indicating persistence of the latter materials in the 
plant. The authors also have noted in field tests that chlorinated 
benzoic acid derivatives appear to be very persistent in sensitive 
plants. Tests were undertaken to determine whether light activated 
riboflavin would inactivate certain chlorinated benzoic acid deriva- 
tives. 

Sixteen ml of a triethanolamine salt of 2,4-D, 2,3,5-triiodobenzoic 
acid (TIBA), and the ethyl ester of trichlorobenzoic acid (ethyl 
TCB) were placed in 6 inch pyrex test tubes alone at 50 ppm and 
in mixture with 500 ppm of riboflavin. The test tubes were il- 
luminated for 48 hours with 30-watt fluorescent tubes placed about 
2 feet above the test tubes. After illumination the solutions were 
transferred to 6 inch petri dishes containing filter paper. Twenty- 
five cucumber seeds were planted in each dish. The root and shoot 
length of the seedlings was recorded following germination for 
96 hours at 29°C. This test (9) has been used successfully in assaying 
the benzoic acid derivatives at concentrations above | ppm. 

Table 1 shows that riboflavin alone at 500 ppm stimulated cu- 
cumber roots to some extent. Riboflavin inactivated 2,4-D at 50 
ppm which agrees with reports of investigators cited previously. 
However, it is clear that riboflavin did not inactivate the two 
benzoic acid derivatives; in fact there was a significant decrease 
greater than twice the sum of the standard errors where riboflavin 
was added in each case. 


*Paper of the Journal Series, New Jersey Agricultural Experiment Station, 
Rutgers University, the State University of New Jersey, Department of Farm 
Crops. 

"Former research fellow, Department of Farm Crops, Rutgers University and 
Agronomist, Division of Weed Investigations, BPISkAE, U. S. Department of 
Agriculture, New Jersey Agricultural Experiment Station. 
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If riboflavin does play a major role in the inactivation of growth 
substances by plants, the apparent long persistence of the benzoic 
derivatives in plants might be due to their failure to form an oxida- 
tion product with riboflavin or a flavoprotein. It would be logical 
econ to associate the riboflavin inactivating system with physio- 
logical selectivity of the growth regulating herbicides. That is, per- 
haps a monocot resistant to 2,4-D has a better inactivating mechanism 
than the broad leaved plant. If this were the case the benzoic de- 
rivatives should be relatively nonselective. However, these derivatives 
have been found to be somewhat more selective than 2,4-D (6). 


Table 1. The root and shoot length of cucumber seedlings germinated in 
2,.4-D, TIBA, and ethyl TCB solutions which were illuminated 48 hours 
with and without riboflavin prior to germination. 


Number Root length Shoot length 
Treatment of and and 
seedlings standard error standard error 
mm mm 
102 71.83 + 1.90 44.49 + 0.90 
101 92.70 + 2.31 44.63 + 0.84 
2,4- 88 5.83 + 0.14 5.05 + 0.29 
83 33.39 + 1.33 40.06 1.25 
97 18.94 + 0.90 25.98 + 1.37 
92 13.07 + 0.72 16.26 + 0.71 
46 7.06 + 0.66 0 
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Coming Events 


The first National Weed Conference will be held in Kansas City, 
Missouri, December 8-10, 1953. Headquarters will be in the Muehl- 
bach Hotel. 

The Northeastern Weed Control Conference will be held in New 
York City, January 6-8, 1954. Headquarters will be in the Hotel New 
Yorker. 

The Southern Weed Conference meets at the Peabody Hotel in 
Memphis, Tennessee, January | 1—13, 1954. 

The Western Canadian Weed Control Conference is to be held 
at the MacDonald Hotel, Edmonton, Alberta, November 26-27, 1953. 

The First National Weed Control Conference (Great Britain) will 
be held November 3-5, 1953, at the St. Georges and Norfolk Hotels, 
Cliftonville, Margate. 
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I. Economic AsPpECTs AND GENERAL WEED PROBLEMS 


Aserc, E. Modern weed control. (In Swedish.) Lantbrakad. Tidskr. 91: 
227-245. 1952. 

Apvisory COMMITTEE ON HERBICIDES FOR ONTARIO. Chemical weed control. 
Ontario Dept. Agr. Ext. C. 75A, 14 p.-folder. May 1952. 

Bairp, G. T. Weed control with 2,4-D. Utah. State Agr. Col. Ext. Fact 
Sheet 10,2 p. June 1952. 

BLACKBURN, F. H. B., HANscHELL, D. M., and CLARKE, M. Some aspects of 
weed control in Trinidad. Trop. Agr. (St. Augustine) 29:54-69. Jan./ 
Mar. 1952. 

BLACKMAN, G. E. El desarrollo de los métodos quimicos para el control selec- 
tivo de las malas hierbas. An. de Edafologia y Fisiol. Veg. 11:309-322. 
May/June 1952. 

L. Erfahrungen mit den unkrautbekéampfungsmitteln Hormit, Hor- 
min und UT 10 Leuna. Deut. Landwirt. 3:632-635. Dec. 1952. 

Brejycua, V. Herbicidal effect of certain chemicals. (In Czech.) Za So- 
cialist. Zemédé@l. 2:166—172. Feb. 1952. 

BriceNo, R. Empleo y accién de los herbicidas. Campesino (Santiago) 84 
(7):12-13, 15. July 1952. 

By.terup, A. Spraying against weeds. (In Swedish.) Lantmannen 36:1033. 
Dec. 13, 1952. 

CEsaALin, J. A. Preventive measures against weeds. (In Czech.) Za socialist. 
Zemédél. 2:161-166. Feb. 1952. 


. Chemical control of weeds. So. African Sugar J. 36:545, 547, 549, 553, 555. 


Sept. 1952. 
Cuesatin, G. A. Khimicheskie mery bor’by s sorniakami (Chemical measures 


for weed control). Moskva, Gos. Izd.-vo Selkhoz Lit-ry, 15 p. 1951. 
Cirerri, R. Preliminary report on “Ibertox” as selective herbicide. (In 
Italian.) Not. sulle Mal. delle Piante 19:1-4. Apr./June 1952. 
CRUICKSHANK, J. A. Agricultural chemicals — use is increasing in Canada. 
Agr. Inst. Rev. 7 (5):26-28. Sept. 1952. 
DENMARK. STATENS UkruptsForsgc. The Danish Institute for Weed Research- 
annual report. (In Danish.) Tidsskr. f. Planteavl 55:723-729. 1952. 
Dutron, W. C. Industry’s contribution to a weed control program. Inter- 
natl. Grassland Conf. Abs. Papers 6(B):12. 1952. 

EnRENPForDT, V. Zur fraze der direkten ertragssteigerung durch unkraut- 
bekampfungsmittel auf hormonbasis. Beut. Landwirt. 3:493. Sept. 1952. 

FLoRIDA AGRICULTURAL EXPERIMENT STATION. Handbook on pesticides and 
their uses in Florida agriculture. Rev. Gainesville, 1951. 131 p. 

Fricke, E. F. Noxious weeds control. Tasmania. Dept. Agr. Tasmanian J. 
Agr. 23:225-228. Aug. 1952. 

GERMANY (FEDERAL RepuBLic.) Ministerium fur ernihrung, landwirtschaft 
und forsten. Unkrautbekaimpfung. Frankfurt am Main, Verlag Kommen- 
tator G. M. B. H., 39 p. 1952. 


. Gray, J. H. I'm learning the hard way there’s no easy way out of weeds. 


Farm & Ranch Rev. 48 (10):8-9. Oct. 1952. 
GREENSLADE, R. M. The use of weedkillers. Entomologist 85:281-282. Dec. 


1952. 


. Hepiin, R. More threats to weeds. Country Guide 72:10, 38. Jan. 1953. 
Hotz, W. Zur auswertung der unkrautbekampfungsversuche 1952. Land- 


wirtbl. Weser-Ems 99:1235-1236. Dec. 4, 1952. 


. Jounson, F. S. Report on preliminary investigations on chemical weed con- 


trol in Venezuela 1951. Down to Earth 8 (3):7. Winter 1952. 
. Report on preliminary investigation on chemical weed control in 
Venezuela, 1951. IBEC Res. Inst. B. 2, 20 p. 1952. 


. Jounston, H. W. Plant hormones: with special reference to weed control. 


New Zeal. Sci. Rev. 10:62-68. May 1952. 


. Jone, P. pe. The development of chemical methods of weed control. Plant- 


ers’ Chron. 47:512-514. Oct. 1, 1952. 

Kas, V. Problem of weed dissemination with local fertilizers. (In Czech.) 
Za Socialist. Zemédél. 2:156-161. Feb. 1952. 

Kau, R. N., and Raneya, P. C. A review on weeds and their control. Sci. 
&. Cult. 18:124-129. Sept. 1952. 
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. Korr, S. A. Conference at the All-Union Lenin Academy of Agricultural 


Sciences on problems of weed control. Dostizheniia Nauk. i Peredovogo 
Opyta v Sel’sk. Khoz. 7:82-84. July 1952. 

Lasnier, G.G. Le 2,4—D; un auxiliaire qui peut sauver des millions a l’agri- 
culture. Foyer Rur. (Montreal) 11 (9/10):11. July/Aug. 1952. 


. Lesenpic, K. Tormonspritzung in der forst. Hannoversche Land-u. Forst- 


wirt. Ztg. 105:819. Aug. 16, 1952. 


. Line, L. El control de las malas hierbas con hormonas. Tierra (México) 


7:448-450. July 1952. 


. Marin, H. C. Productos fitohormonales en algodén. Agr. Trop. 8 (10):7-9. 


Oct. 1952. 
Marsico, O. J. V. Modernos procedimientos de destruccién de malezas. Ar- 
gentina. Min. de Agr. y Ganad. Almanaque 26/27:409-410. 1951/52. 


. Nikxotovski, B. The struggle with weeds. (In Serbo-Croatian.) Socijalis- 


ticko Zemjodelstvo 4 (5):21-28. May 1952. 


. Nortu CentraL WEED CoNnTROL CONFERENCE, 7, MILWAUKEE, 1950. Research 


report. Milwaukee, 281 p. 1951. 


. ONTARIO Apvisory COMMITTEE ON HERBIcIpES. Handbook on chemical weed 


control. Ontario. Dept. Agr. C. 75, 21 p. Apr. 1952. 
Patit, S. S. Scope of hormones in the use of increasing crop yields. Poona 
Agr. Col. Mag. 43:7-14. June 1952. 


. Perersen, H. I. Considerations with respect to fall treatment of soil. (In 


Danish.) Dansk Landbr. 71:427-428. Sept. 4, 1952. 


. Poterarr, N. Enquéte sur le désherbage sélectif pratiqué en Tunisie pen- 


dant la campagne 1950-51. Colon Franc. de Tunisie (ser. 7) 45 (2233):1, 3. 
Mar. 8, 1952. 

PripHaM, A. M. S. Problems in weed control. Amer. Nurseryman 96 (10): 
8, 54-55. Nov. 15, 1952. 


. Rapemacuer, B. Unkrautbekémpfung. Handb. der Landwirt. 1:337-352. 


(Cont.) 1951. 


. Retsincer, E. G. Strehike, Rosenstock and Lubisch. Kulturbetrieb. Allg. 


Forstztg. 63:274. Dec. 1952. 
Repp, G. Zur kenntnis der selektivwirkungen von 2,4—-D-verbindungen. I. 
Pflanzenschutzberichte 9:161-181. Nov. 1952. 


. Ropsins, W. W., Crarts, A. S., and Raynor, R. N. Weed control; a textbook 


and manual. Ed. 2. New York, 1952. 503 p. 
Roserts, R. M. Fighting pests in the West. West. Grower & Shipper 23(12): 
196, 198. Nov. 1952. 
Russett, E. W. Weed control. Farm Mech. 4:472-475. Dec. 1952. 
Russet, M. Weed battle. Colo. Rancher & Farmer 6 (20):1, 28. Oct. 25, 


1952. 


. Scuerr, W. Was kénnen wir gegen die griinland-unkrauter tun? Land- 


wirtbl. Weser-Ems 99:1229-1231. Dec. 4, 1952. 


. Scraper. Die unkrautbekimpfung. Hannoversche Land-u. Forstwirt. Ztg. 


105:397-398. Apr. 19, 1952. 
Simon, J. Plan for removing weeds from the soil under different conditions. 
(In Czech.) Za Socialist. Zemédé@l. 2:125-144. Feb. 1952. 


. Soxotov, N. S. Weeds and their elimination. (In Czech.) Za Socialist. 


Zemédél. 2:182-187. Feb. 1952. 


. Srovett, F. R. Chemical control of weeds. Farming Gloucestershire 10:67, 


69, 71. 1951. 
Stryckers, J. The latest developments in regard to selective herbicides. (In 
Dutch.) Parasitica 8:131-140. 1952. 


. SrumMeyer, H. U 46 das neuzeitliche unkrautmittel. Ratschlige f. den 


Bauernhof 4, 36 p. 1951. 

THORNTON, B. Weed control, a roundup of progress made. Colo. Farm & 
Home Res. (Colo. Sta.) 3 (3):3-5, 9-10. Sept./Oct. 1952. 

TiteMans, E. Desherbants, insecticides et fongicides. Rev. de l’'Agr. 5:990- 
996. Sept. 1952. 

U.S. Rurav ELecrrirication ApMIN. REA standard for herbicides for rural 
a systems. U. S. Rur. Electrif. Admin. REA Specif. C-2, 1 p. Feb. 
1952. 
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61. 
62. 


Vries, D. M. De, and ZanpstRA, K. J. Weeds in the course of the year. (In 
Dutch.) Levende Nat. 55:184-188. Oct. 1952. 

Wenz_, H. Zur statistischen auswertung von versuchen mit herbiziden. 
Pflanzenschutzberichte 9:56—-57. Sept. 1952. 


II. BoTraNy oF WEEDS 


Classification and Identification 


. Berc, E. Facts about ramie: the golden weed. New York, Waverly-Blair, 


1952. 106 p. 


. Buttock, A. A. Notes on African Asclepiadaceae. I. Kew. B. 3:405-426. 


1952. 


. CALLANTINE, E. J. Curlycup gumweed (Grindelia squarrosa). §. Dak. Stock- 


grower 6 (9):16. Oct. 15, 1952. 

Fringed sagewort (Artemisia frigida). S. Dak. Stockgrower 6 (10): 
8A. Nov. 15, 1952. 

Casas, C. R. Guerra al aroma y marabi. Rev. Ganad. (Habana) 13:23-24. 
Jan. 1953. 

Coste, A.C. Delle. Los nuevos “matayuyos.” Chacra 23 (265):24, 44. Dec. 
1952. 

Dapp, C. V. Knowing your wild oats (Avena fatua). Farmers Wk. (London) 
38 (4):58-59. Jan. 23, 1953. 

Gupta, M. Artemisia in Garhwal. Indian Forester 78:423. Aug. 1952. 

Jua, A. Common weeds of Bihar. Bihar Agr. Col. Mag. 8:16-21. Feb. 
1952. 

Jounson, A. Mintweed (salvia reflexa) in the Northwest. Agr. Gaz. N. S. 
Wales 63:453-456, 504. Sept. 1952. 


. Jounson, D. M. Indian hemp, a social menace. London, Johnson, 1952. 


112 p. 

Rasene. R., HANseN, J. R., and FREEMAN, J. F. Giant foxtail (Setaria faberii). 
Ky. Agr. Col. Ext. L. 132, 8 p. folder. Apr. 1952. 

KrocuMaL, A. Seeds of weedy Euphorbia species and their identification. 
Weeds 1:243-255. Apr. 1952. 


. LauperRMILK, J. The plant with the hypodermic needle. Nat. Hist. 61:350- 


$53. Oct. 1952. 


. Meyer, F. G. Sumacs (Rhus) relatives of poison ivy. Aboretum B. 15 (3): 


16-21, 27. Fall 1952. 


. Muenscuer, W. C. Hibiscus trionum (Flower-of-an-hour). N. Y. Agr. Col. 


Dept. Bot. Bot. L. 41, 1 p. Oct. 1952. 

. Pokewood (Phytolacca americana). N. Y. Agr. Col. Dept. Bot. 
Bot. L. 34, 1 p. Oct. 1952. 

Orcuarp, H. E. Weeds of South Australia; (Brassica tournefortii, Gouan). 
So. Austral. Dept. Agr. J. 56:11-13. Aug. 1952. 

Peeters, F. J. Thistles. (In Flemish.) Cult. en Handel 18:536-537. Sept. 
1952. 


. Porozuti, A. V., and ANprievsKatA, A. I. Weeds of Asino District, Tomsk 


Region and measures for controlling them. (In Russian.) Tomsk. Gosud. 
U. im. V. V. Kuibysheva. Trudy 114:151-156. 1951. 


. Ricnarpson, J. M. Short-fruited wild turnip (Rapistrum rugosum All). So. 


Austral. Dept. Agr. J. 56:73-74. Sept. 1952. 

. Ward's w (Vella annua L.) South Austral. Dept. Agr. J. 55: 
561-562. June/July 1952. 

Weeds of South Australia: saffron thistle (Carthamus lanatus L.). 
So. Austral. Dept. Agr. J. 56:189, 191. Nov. 1952. 

Weeds of South Australia; variegated thistle (Silybum marianum 
Gaertn). So. Austral. Dept. Agr. J. 56:129-130. Oct. 1952. 


. Sureve, F., and Wiccrns, I. L. Vegetation and flora of the Sonoran Desert. 


1. Washington. 192 p. 1951. 


. Stevens, O. A. Dodder (Cuscuta) on cultivated plants. N. Dak. Agr. Expt. 


Sta. Bimon. B. 15:80-81. Nov./Dec. 1952. 

SWEDEN. STATENS VAXTSKYDDSANSTALT. Kléversnarjan. (The clover dodder 
[Cuscuta trifolii Bab.]) Sweden. Stat. Vaxtskyddsanst. Flygbl. 97, 4 p. 
1952. 
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. Parker, K. W., and Martin, S. C. 


Tompson, D. R. Farm weeds: an aid to their recognition; colour plates 
reproduced from water colours. London, Shell Chem., 32 p. 1952. 

Wacnon, H. K. A revision of the genus Bromus, section Bromopsis, of 
North America. Brittonia 7:415-480. Oct. 6, 1952. 


Ecological Investigations and Surveys 


Atirep, B. W. Influence of shrub invasion on United States rangelands. 
Internatl. Grassland Conf. Abs. Papers 6(C):1. 1952. 

Arasui, K., and Kunrrake, M. Studies on the distribution of the weeds on 
the drainaged paddy field cultivating winter crops in Tikugo Plain. (In 
Japanese.) Kyushu Noji Shikenjo 9:113-114. Mar. 1952. 


. Cersatin, J. A. Care of the crop as a measure to control weeds. (In Czech.) 


Za Socialist. Zemé&dél. 2:187-196. Feb. 1952. 

Cory, V. L. The disappearance of plant species from the range in Texas. 
Wild Flower 28:51-68. July 1952. 

Gaertner, E. E. Observations on the host range of Cuscuta europea among 
the Compositae. Canad. J. Bot. 30:682-684. Nov. 1952. 

Ivins, J. D. Concerning the ecology of Urtica dioica L. J. Ecol. 40:380-382. 
Oct. 1952. 

Koster, R. Effect of leys on the occurrence of weeds and some soil-borne 
diseases in subsequent crops. Internatl. Grassland Conf. Abs. Papers 6(1): 
18. 1952. 


. Kunrrake, M. Observation on the seasonal variations of the weed species 


and their growth in Tikugo Plain. (In Japanese.) Kyushu Noji Shikenjo 
9:111-112. Mar. 1952. 


. Mayne, W. W. Weeds as a problem in crop ecology. Planters’ Chron. 47: 


515-520. Oct. 1, 1952. 


. Myers, L. F., and Moore, R. M. The effect of fertilizers on a winter weed 


population. Austral. Inst. Agr. Sci. 1952. 
e mesquite problem on southern 


Arizona ranges. U.S.D.A. C. 908, 70 p. Oct. 1952. 


. PertmMan, F. Ragweed invasion of Oregon. J. Allergy 23:452-457. Sept. 


1952. 
Rowe, A. H. Botanical survey of northern California. Ann. Allergy 10: 
605-614. Sept./Oct. 1952. 


. STEPHENSON, T. A., and STEPHENSON, A. Life between tide-marks in North 


America. II. J. Ecol. 40:1-49. Feb. 1952. 


. Tomasettt, R. Phytosociological survey of rice field weeds using 2,4-D. (In 


Italian.) Not. sulle Mal. delle Piante 19:28-40. Apr./June 1952. 


. Woorrotk, E. J. Goatweed (Hypericum perforatum) threatens Montana 


ranges. Mont. Wool Grower 27:16-17. Jan. 1953. 


Physiological Investigations 


. ANDERSEN, S. Sensitivity to 2,4—D of barley and oats at different stages of 


development. Physioi. Plant. 5:321-333. 1952. 


. ANperson, W. P., Linper, P. J., and Mrrcnett, J. W. Evaporation of some 


plant growth regulators and its possible effect on their activity. Science 
116:502-503. Nov. 7, 1952. 

Aupus, L. J., and Suipton, M. E. 2,4-dichloranisole-auxin interactions in 
root-growth. Physiol. Plant. 5:430-455. 1952. 

Beckinc, L. G. M. B., and Everson, R.G. Early effects of growth substances. 
Nature (London) 170:1019. Dec. 13, 1952. 

Bent ey, J. A., Houstey, S., and Bickie, A. S. Studies on plant growth hor- 
mones. I-II. J. Expt. Bot. 3:393-423. Sept. 1952. 

Bonpe, E. K. Auxins and auxin precursors in acid and neutral fractions of 
plant extracts. Chicago, 1951. 28 p 


. Bonner, J., and Banpurski, R. S. Studies of the physiology, pharmacology, 


and biochemistry of the auxins. Annu. Rev. Plant Physiol. 3:59-86. 1952. 


. Bourne, B. A., and HunpertmMark, B. W. A note on some effects of chloro- 


een dimethylurea on sugar cane, with special reference to flowering. 
ugar J. 15 (7): 28, 33, 40. Dec. 1952. 
CARPENTER, K., and WALKER, R.D. The relative toxicities to plants of amine- 
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10. 


11. 


12. 


13. 


14. 


15. 


24. 


25. 


31. 


salt and ester formulations of 2,4-dichlorophenoxyacetic acid. J. Sci. Food 
& Agr. 3:476-481. Oct. 1952. 

Cirerri, R. Sensibility of winter and spring wheat to the “Weedone” and 
“Erbitox.” (In Italian.) Not. sulle Mal. delle Piante 19:6-14. Apr./June 
1952. 

Effect of the total and partial, hand-made and chemical weed 
control on wheat. (In Italian.) Not. sulle Mal. delle Piante 19:4-6. Apr./ 
June 1952. 

Crane, J. C. Ovary-wall development as influenced by growth-regulators 
inducing parthenocarpy in the Calimyrna fig. Bot. Gaz. 114:102-107. Sept. 
1952. 

Davison, R. M. Plant injury caused by several types of hormones. New 
Zeal. J. Agr. 85:319-320. Oct. 15, 1952. 

DenrFer, D. Von, BEHRENS, M., and Fiscner, A. Papierchromatographischer 
und papierelektrophoretischer nachweis des g-indolacetonitrils und des g- 
indolaldehyds in extrakten aus kohlIpflanzen. Naturwissenschaften 39:550- 
551. Dec. 1, 1952. 

Ex-Azzazi, K. The effect of 2,4-dichlorophenoxyacetic acid and other sim- 
ilar substances upon phosphate soentialion in yeast. Ohio. State U. Abs. 
Doct. Diss. 63:47-48. 1952. 


. Ennis, W. B., JR., WILLIAMSON, R. E., and DorscHner, K. P. Studies on spray 


retention by leaves of different plants. Weeds 1:274-286. Apr. 1952. 


. Ereve, D. R., and McItratn, W. J. Response of the cotton plant to late and 


localized applications of maleic hydrazide. Bot. Gaz. 114:114-122. Sept. 
1952. 


. Erickson, L. C. Washington navel fruit drop; effects of 24-D on drop of 


sound and unsound oranges when sprays were applied in the late fall and 

winter. Calif. Agr. (Calif. Sta.) 6(11):7, 15. Nov. 1952. 

, BRANNAMAN, B. L., Htevp, H. Z., and Miter, M. D. Responses of 
orange and grapefruit trees to maleic hydrazide. Bot. Gaz. 114:122-130. 
Sept. 1952. 

Fawcett, C. H., INcraM, J. M. A., and Wain, R. L. g-Oxidation of w-phe- 
noxyalkylcarboxylic acids in the flax plant. Nature (London) 170:887- 
888. Nov. 22, 1952. 


. Ferres, H. M. The effect of maleic hydrazide in delaying flowering and 


fruiting. Bristol. U. Agr. & Hort. Res. Sta. Annu. Rpt. 1951:40-42. 1952. 


. Foster, R. J., McRag, D. H., and Bonner, J. Auxin-induced growth inhibi- 


tion, a natural consequence of two-point attachment. Natl. Acad. Sci. 
Proc. 38:1014—1022. Dec. 1952. 


. Furts, J., Payne, M. G., and Hay, R. J. Interactions of maleic hydrazide 


and 2,4-dichlorophenoxyacetic acid as they affect skin color in Red Mc- 
Clure potatoes. (Abs.) Colo.-Wyo. Acad. Sci. J. 4:67. Oct. 1952. 

GausMAN, H. W. Some effects of certain plant growth substances and car- 
bonic and thiocarbonic acid derivatives of hydrazine on maize. 4 p. Ur- 
bana, 1952. 

GauTueret, R. J. Recherches sur l’action de l’hydrazide maléique sur le 
développement des cultures de tissus de carotte et d’endive. Soc. de Biol. 
Compt. Rend. 146:859-861. June 1952. 

GREENHAM, C. G. Phytotoxicity of histamine, arsenic acid, and dichloro- 
phenoxyacetic acid, and methods of testing. Nature (London) 170:535- 
536. Sept. 27, 1952. 


. Hackett, D. P., and Tuimann, K. V. The effect of auxin on growth and 


respiration of artichoke (Helianthus tuberosus) tissue. Natl. Acad. Sci. 

Proc. 38:770-775. Sept. 1952. 

, and . The nature of the auxin-induced water uptake by 
potato tissue. Amer. J. Bot. 39:553-560. Oct. 1952. 

Hatse, N. J. Reduction of pre-harvest drop of Washington Navel oranges 
by 2,4-D sprays. West Austral. Dept. Agr. J. (ser 3) 1:327-330. May/ 
June 1952. 

HANnsEN, J. R., and BucHHottz, K. P. Absorption of 2,4-D by corn and pea 
seeds. —. J. 44:493-496. Sept. 1952. 


» an . Inactivation of 2,4-D by riboflavin in light. Weeds 
1:237-242. Apr. 1952. 
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33. 


34. 


42. 


43. 


44. 


45. 


54. 
55. 


Heims, C. C., Jr., and Parris, G. K. Transitory effects of 2,4-D on the 
watermelon plant when absorbed through the roots. Fla. State Hort. Soc. 
Proc. 63:144-146. 1950, pub. 1951. 

HIGHLANDs, M. E., LicctarpeLio, J. J., and CuNNINGHAM, C. E. Reducing 
sugar content of Maine-grown potatoes treated with maleic hydrazide. 
Amer. Potato J]. 29:225-227. Sept. 1952. 

Hrirencock, A. E., and ZIMMERMAN, P. W: Response of tomato plants to 
treatment with 2,4—dichlorophenoxyacetic acid in combination with in- 
doleacetic acid and certain other compounds. Boyce Thompson Inst. 
Contrib. 17:35-55. Oct./Dec. 1952. 


. Ivens, G. W. The phytotoxicity of mineral oils and hydrocarbons. Ann. 


Appl. Biol. 39:418-422. Sept. 1952. 
James, W. O., and Garton, N. The use of sodium diethyldithiocarbamate as 
a respiratory inhibitor. J. Expt. Bot. 3:310-318. Sept. 1952. 


. Jaworski, E. G., and Burrs, J. S. Studies in plant metabolism. II. The 


metabolism of C-labeled 2,4-dichlorophenoxyacetic acid in bean plants. 
Arch. Biochem. & Biophys. 38:207-218. July 1952. 


. Jupan, J. D. Mode of action of the nitrophenols. Roy. Soc. Med. Proc. 


45:574. Sept. 1952. 

Kasrerscu, W. Missbildungen bei kartoffeln durch 2,4-D-mittel. Gesunde 
Pflanzen 4:265-268. Oct. 1952. 

Kawacoe, H., and Kawazoer, Y. Influences of 2,4-D on the growth of rice 
plant. (In Japanese.) Kyushu Noji Shikenjo 8:27-28. Oct. 1951. 


. Krravin, G. S. Stimulation of respiration and biosynthesis of vitamin B, in 


Aspergillus niger by action of poisonous substances. (In Russian.) Mi- 
krobiologiia 21:438-444. July/Aug. 1952. 

Kein, R. M., and Krew, D. T. Effects of maleic hydrazide on initiation 
and development of tomato crown-gall tumors. Amer. J. Bot. 39:727—730. 
Dec. 1952. 

Kuein, R. M., and Linx, G. K. K. Studies on the metabolism of plant neo- 
plasms. V. Auxin as a promoting agent in the transformation of normal 
to crown-gall tumor cells. Natl. Acad. Sci. Proc. 38:1066-1072. Dec. 1952. 

Lronarp, O. A., and Harris, V. C. The effect of aliphatic hydrocarbons on 
the hypocotyls of cotton and soybeans and on the shoots of nutgrass 
(Cyperus rotundus), Johnson grass and other weeds by the directional spray 
technique. Weeds 1:256-273. Apr. 1952. 

LerourNeau, D., and Kroc, N. The use of chromotropic acid for the quan- 
titative determination of 2,4-dichlorophenoxyacetic acid. Plant Physiol. 
27:822-827. Oct. 1952. 


. Licerr, W. B., Woxr, C. N., Hay, R. E., and Unt, D. P. A new plant growth 


regulator- q cyano g-(2,4-dichlorophenyl) acrylic acid. Science 116:393- 
394. Oct. 10, 1952. 


. Loomis, W. E. Basic problems. (Sum.) NCWCC Res. Rpt. 7:276-281. 1950, 


pub. 1951. 


. Lopez, A. The action of maleic hydrazide on cotton leaves and stems. (Abs.) 


Colo.-Wyo. Acad. Sci. J. 4:66-67. Oct. 1952. 

McCutty, W. G., TYNAN, J. A., and Perry, B. A. Reaction of white brush 
(Lippia ligustrina) to growth regulator herbicides. Tex. Livestock J. 11(9): 
20, 22. Sept. 1952. 

McRae, D. H., and Bonner, J. Diortho substituted phenoxyacetic acids as 
antiauxins. Plant Physiol. 27:834-838. Oct. 1952. 


. Marini, E. Rice sensibility to 2,4-D as related to the age of the plants. (In 


Italian.) Not. sulle Mal. delle Piante 19:47-50. Apr./June 1952. 


. MIKKeLseN, D. S., Grirritn, R. B., and Riri, D. Sugar beet response to 


maleic hydrazide treatment. Agron. J. 44:533-536. Oct. 1952. 

MouravierFr, I. Action prolongée de l'eau et des acides naphthylacétique et 
indolacétique sur l'appareil stomatique isolé. Acad. des Sci. Compt. Rend. 
235:1328-1329. Nov. 24, 1952. 

Myers, L. F. The toxicity of oil herbicides to Paspalum dilatatum Poir.: ef- 
fect of composition of the oil. Austral. J. Agr. Res. 3:372-384. Oct. 1952. 

NickeLL, L.G. The control of plant growth by the use of special chemicals, 
with particular emphasis on plant hormones. Survey Biol. Prog. 2:141- 
195. 1952. 
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56. OvERBEEK, J. VAN. Agricultural application of growth regulators and their 
physiological basis. Annu. Rev. Plant Physiol. 3:87-108. 1952. 

57. Parry, D. W. A growth interaction between g-indolylacetic acid and thiou- 
rea (thiocarbamide). Nature (London) 170:1074. Dec. 20, 1952. 

58. Puiiips, W.M. Effects of herbicides in growing crops. Fall-planted wheat, 
oats, and barley. (Sum.) No. Cent. Weed Control Conf. Res. Rpt. 7:81- 
84. 1950, pub. 1951. : 

59. Puoupnas, C. Action de I’hydrazide maléique sur la teneur en substances 
glucidiques du tissu libérien de racine de carotte cultivé in vitro. Acad. 
des Sci. Compt. Rend. 235:808-810. Oct. 13, 1952. 

60. Rakrtin, Iv. V. Inhibition of sprouting of potato tubers. (In Russian.) 
Priroda 41 (5):106-109. May 1952. 

61. Rietsema, J. The presence of indole-3-acetic acid in ovular tumors of in- 
compatible Datura crosses and its possible role as an embryo inhibitor. 
(Abs.) Genetics 37:618. Sept. 1952. 

62. Ripper, W. E., and Baker, C. The relative toxicity of 2,4-dichlorophenoxy- 
acetic acid and 2-methyl—4-chlorophenoxyacetic acid to annual weeds. J. 
Sci. Food & Agr. 3:561-567. Dec. 1952. 

63. RoBERTSON-CUNINGHAME, R. C., and BLACKMAN, G. E. Effects of preliminary 
treatment on the subsequent variation in the resistance of Lemna minor 
to the phytotoxic action of 2,4-dichlorophenoxyacetic acid. Nature (Lon- 
don) 170:459. Sept. 13, 1952. 

64. Rornstein, A., and Berke, H. Effects of 2,4-dinitrophenol concentrations 
on rates of respiration and fermentation of yeast. Soc. Expt. Biol. & Med. 
Proc. 81:559-563. Nov. 1952. 

65. Scracc, E. B. The effects of “hormone” herbicides upon cereal crops. Ann. 
Appl. Biol. 39:423-428. Sept. 1952. 

66. Scurti, J. On the mechanism of action of some selective herbicides. (In 
Italian.) Ann. della Sper. Agr. (n.s.) 6:1683-1704. 1952. 

67. SHaw, D. E. Hormone weedicide on wheat. Austral. Plant Dis. Recorder 
4:1-2. Jan. 1952. 

68. Simon, E. W. The relative toxicity of nitrophenols to various organisms. 
Ann. Appl. Biol. 39:416-418. Sept. 1952. 

69. Simons, H. M., Jr., and Scott, L. E. Attempts to inhibit sprouting of the 
sweet potato with growth regulating chemicals. Amer. Soc. Hort. Sci. Proc. 
59:426-432. June 1952. 

70. Smirn, M. S., Wain, R. L., and WicHtTman, F. Studies on plant growth- 
regulating substances. V. Steric factors in relation to mode of action of 
certain aryloxyalkyl-carboxylic acids. Ann. Appl. Biol. 39:295-307. Sept. 
1952. 

71. Smrru, W. P. C. Hormone weedicide injury to grape vines. Austral. Plant 
Dis. Recorder 4:21. Apr. 1952. 

. Hormone weedicide injury to grape vines. West. Austral. Dept. 

Agr. J. (ser. 3) 1:502-503. July/Aug. 1952. 

73. STaNiForTH, D. W. Effect of 2,4-dichlorophenoxyacetic acid on meristematic 
tissues of corn. Plant Physiol. 27:803-811. Oct. 1952. 

, and ATKINS, R. E. Effect of 2,4—-D on yield and bushel weight of 
oats. Agron. J. 44:587-589. Nov. 1952. 

75. Srewart, W. S., Rrenv, L. A., and Erickson, L. C. Effects on citrus of 2,4-D 
used as an amendment to oil sprays. J. Econ. Ent. 45:658-668. Aug. 1952. 

76. STRUCKMEYER, B. E., and Beck, G. E. The effect of maleic hydrazide on the 
growth and flowering of Croft Easter lilies. Amer. Soc. Hort. Sci. Proc. 
59:542-048. June 1952. 

77. Taxiyma, Y., and Havasu, T. The nutrient absorption of soybean plants 
as influenced by 2,4-D spray. (In Japanese.) J. Sci. Soil & Manure, Japan 
22:319-322. June 1952. 

78. Tuakur, C. Effect of MCP on nutgrass (Cyperus rotundus). Agron. J. 44: 
589-590. 1952. 

79. Vorrexnova, V. A. On causes for the dying off of dicotyledonous plants un- 
der the influence of some herbicides. (In Russian.) Agrobiologiia 5:126- 
131. Sept./Oct. 1952. 

80. Weaver, R. J. Response of Black Corinth grapes to applications of 4- 
chlorophenoxyacetic acid. Bot. Gaz. 114:107-113. Sept. 1952. 
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81. Weintraus, R. L., YEATMAN, J. N., Locknart, J. A., Remnnart, J. H., and 
Fietps, M. Metabolism of 2,4-dichlorophenoxyacetic acid. Il. Metabo- 
lism of the side chain by bean plants. Arch. Biochem. & Biophys. 40:277- 
285. Oct. 1952. 

82. Wroset, T. The influence of 2,4—-D on Rhizobium. (In Polish.) Acta Mi- 
crobiol. Polon. 1:39-41. 1952. 

83. YarpeNt, D., and Evenart, M. The germination inhibiting, growth inhibit- 
ing and phytocidal effect of certain leaves and leaf extracts. Phyton 
(Buenos Aires) 2:11-16. July 1952. 


Morphological and Anatomical Investigations 


1. Kuzmin, P. K. Mutation resembling bristly foxtail grass (Setaria) and barn- 
yardgrass (Echinochloa crusgalli) in millet. (In Russian.) Agrobiologiia 
5:40-41. Sept./Oct. 1952. 

2. Lyons, J. C. The influence of uppermost axillary shoots and plant growth 
substances on the development of the lower axillary shoots of dent corn. 
3 p. Urbana, 1952. 


Weed Seed Investigations 


1. KHoLopenko, B. G. Seed formation in pigweed (Axyris amaranthoides) and 
garden orach (Atriplex hortense). (In Russian.) Agrobiologiia 3:135-138. 
May/June 1952. 

2. OcnereTiany!, V. A. Magnetic powder, “Triphylite 1040”. (In Russian.) 
Selek, i Semen. 19 (8):63-66. Aug. 1952. 

3. Prerroint, M. Weeds pop up where crop seeds fear to grow. Assoc. Off. Seed 
Anal. News Let. 26 (4):3-4. Nov. 1952. 


Ill. Weep 


Cultural 


1. Crsatin, J. A. Role of soil preparation in controlling weeds in fields. (In 
Czech.) Za Socialist. Zemédé@l. 2:172-182. Feb. 1952. 

Humpnurey, R. R. Control mesquite by fire. Prog. Agr. Ariz. 4 (3):10, 12. 
Oct./Dec. 1952. 

. Fire is potent weapon — mesquite eradication. West. Live Stock 
38 (3):160-161. Oct. 1952. 

Inperson, J. E. Cultural measures for timber stands. Pa. Forests & Waters 
4:78-84. July/Aug. 1952. 

Mum, J. Mechanical brush clearing the West's “great white hope”. West. 
Livestock J. 30 (48):37, 56-57. Aug. 15, 1952. 

Smirnov, B. M. Fallow tillage on the lands infested with wild oats in the 
Southeast of U.S.S.R. (In Russian.) Sovet Agron. 10(8):77-81. Aug. 1952. 


Chemical 
Weeds in field crops 


1. Arasui, K., and Kunrrake, M. Studies on the distribution of weeds in the 
paddy field on which rice seeds were sown directly, with special reference 
of soil moisture. (In Japanese.) Kyushu Noji Shikinjo 8:23-24. Oct. 
1951. 

2. Cannon, R. C. Weed sprays in pineapples. Queensland Agr. J. 75:139-141. 
Sept. 1952. 

3. Cava, F. P. Weed control in cereals. Inst. Corn & Agr. Merchants J. 
3:170-171. Autumn 1952. 

Weed control in linseed and flax. Inst. Corn & Agr. Merchants J. 
3:171-172. Autumn 1952. 

5. Exper, W. C. Control of weeds in field crops. Sorghums. (Sum.) NCWCC 
Res. Rpt. 7:104-107. 1950, pub. 1951. 

6. Guiciieri, F. I disberbanti selettivi per la lotta contro le erbe infestanti dei 
cereali: guida pratica ad uso degli agricoltori (Selective herbicides for the 
control of weeds in grain; practical guide for farmers). Roma, Pappagallo, 
1951. 20 p. 
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7. Gover, P. M. The weed problem in plantation crops— weeds in tea. 
Planters’ Chron. 47:535-539. Oct. 15, 1952. 

8. GRANCINI, P. Researches on rice weeding during the year 1951. (In Italian.) 
Not. sulle Mal. delle Piante 19:50-58. Apr./June 1952. 

9. Greve. Unkrautbekaimpfung mit kalkstickstoff im wintergetreide. Land- 
wirtbl. Weser-Ems 99:1106-1108. Oct. 30, 1952. 

10. Hricrson, E. A. Control of weeds in field crops. Spring sown grain. (Sum.) 
NCWCC Res. Rpt. 7:68-80. 1950, pub. 1951. 

11. Hinkie, D. A. Herbicides; new tool in cotton growing. What's New Crops 
& Soils 5(4):12-13. Jan. 1953. 

12. Kinc, N. C. Chemical weed killers. So. African Sugar J. 36:699. Nov. 
1952. 

13. Kororev, L. I., and Srarosev’sku, IA. Iu. New preparations for weed con- 
trol (in grain fields). (In Russian.) Agrobiologiia 4:170-172. July/Aug. 
1952. 

14. Lovvorn, R. L., Kummer, F. A., WILLIAMSON, E. B., P. J., Smirn, 
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de eucalipto (Control of weeds in Eucalyptus seedplots). Co. Paulista de 
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FRANKLIN, J. J. Another plant (Rhus trichocarpa) to be labeled poisonous. 
Plants & Gard. 8:271. Autumn 1952. 

Garpner, C. A. The wedge-leaved rattlepod (Crotalaria retusa L.) a poison 
plant of tropical Australia. West. Austral. Dept. Agr. J. (ser. 3) 1:641, 643, 
645-647. Sept./Oct. 1952. 

, and Bennetts, H. W. Poison plants of Western Australia; the toxic 

plants of the genera Gastrolobium and Oxylobium. West. Austral. Dept. 
Agr. J. (ser. 3) 1:481-483, 485-487, 489-491, 493-495. July/Aug. 1952. 
6. Moatit Grane, J. R. Plantas téxicas para el ganado. Uruguay. Min. de 
Canad. y Agr. B. Inform. 437:4, 6. Oct. 16, 1952. 
7. Murccier, W. F. Effects of several chemicals on tall larkspur (Delphinium) 
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5. HorrMan, R. M. Carbamates an effective fungicide. West. Fruit Grower 
6 (10):27-29. Oct. 1952. 
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6. Nicnots,C. W. The retarding effect of certain plant hormones on tobacco 
mosaic symptoms, Phytopathology 42:579-580. Nov. 1952. 

7. SevastiaANov, V.D. Effect of growth substances on increase and development 
of honeybees. (In Russian.) Pchelovodstvo 29 (3):28-30. Mar. 1952. 

8. Smirn, M. V. Weed killing sprays vs. bees. Canad. Bee J. 60 (5):16-17. 
May 1952. 

9. Wacconer, P. E., and Dimonp, A. E. Crown gall suppression by anti-auxin. 
Science 117 (3027):13. Jan. 2, 1953. 

10. WitnecM, S., and Tuomas, H. E. Solanum sarachoides, an important weed 
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1. Brstrup, P. L. The safe handling of poisonous substances used as weed- 
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Boumont, D. W. Herbicidal properties of shale oil fractions. Nebr. U. 
Abs. Doct. Diss. 13:10-14. 1952. 
. Shale oil—a new agricultural chemical. Wyo. Agr. Expt. Sta. B. 
320, 40 p. Sept. 1952. 
Crarts, A. S., and Reimer, H. G. Herbicidal uses of oils. Advn. Chem. Ser. 
7:70-75. Aug. 25, 1952. 
Dutton, W. C. New herbicides. (Sum.) NCWCC Res. Rpt. 7:170-226. 
1950, pub. 1951. 
Gatiey, R. A. E. The place of and organophosphorus com- 
pounds in agriculture. Roy. Soc. Med. Proc. 45:567-569. Sept. 1952. 
Garpner, F. E., Reece, P. C., and Horanic, G. E. The effect of 2,4-D on 
pre-harvest drop of citrus fruit under Florida conditions. Fla. State Hort. 
Soc. Proc. 63:7-11. 1950, pub. 1951. 
8. Havis, J. R., DALLYN, S., and Sweet, R. D. Herbicidal properties of petrole- 
um hydrocarbons. Advn. Chem. Ser. 7:76-83. Aug. 25, 1952. 
9. Kinpter, R. Die unkrautbekampfung mit kalkstickstoff. Deut. Landwirt. 
3:526-531. Oct. 1952. 
10. MaAKaArova, V. A. New chemical substances in weed control. (In Russian.) 
Dostizheniia Nauk. i Peredovogo Opyta Sel’sk. Khoz. 4:63-66. Apr. 1952. 
11. Orcnarp, H. E., and Warner, R. L. Chemicals for weed control. So. Aus- 
tral. Dept. Agr. J. 55:564-570. (Cont.) June/July 1952. 
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1. Aupus, L. \ Fate of sodium 2,4-dichlorophenoxy-ethyl-sulphate in the soil. 
Nature (London) 170:886-887. Nov. 22, 1952. 

2. Friec, O., and Prarr, C. Uber wanderung und abbau der 2,4-D im boden 
sowie ihren einfluss auf mikrobiologische umsetzungen. Landwirt. Forsch. 
3:113-123. 1951. 

3. Gamete, S. J. R., Maynew, C. J., and CuHaprett, W. E. Respiration rates and 
plate counts for determining effect of herbicides on heterotrophic soil mi- 
croorganisms. Soil Sci. 74:347-350. Nov. 1952. 

4. Marini, E. Lack of toxicity for the fishes on rice fields sprayed with 2,4-D 
and MCPA. (In Italian.) Not. sulle Mal. delle Piante 19:17-18. Apr./ 
June 1952. 

5. Morita, S., and Aoki, A. The effect of 2,4-D on the microbial action in 
orchard soils. Saikyo U. Facul. Agr. Sci. oe 2:1-4. Mar. 1952. 

6. Vinparp, G. Influence de l’acide 2—méthyl—4-chlorophénoxyacétique sur le 
développement de l’Azotobacter dans le sol. Acad. d’Agr. de France. 
Compt. Rend. 39:417-418. June 11/18, 1952. 

, Daste, P., and Lonccuamp, R. Action comparée du 2-méthyl 4- 

chlorophénoxyacétate de sodium (M.C.P.A.) sur le développement de |'Azo- 

tobacter dans divers sols. Acad. des Sci. Compt. Pend. 235:1048-1049. 

Nov. 3, 1952. 


VIII. EquiepMent, METHODS OF APPLICATION, AND HERBICIDAL CALCULATIONS 


1. Axkesson, N. B. Equipment used in weed and pest control and defoliation of 
legume seed crops. Internatl. Grassland Conf. Abs. Papers 6 (F):3-4. 1952. 
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Fear, G. General principles, care and maintenance of spraying machines. 
Inst. Corn & Agr. Merchants J. 3:166-169. Autumn 1952. 

Frienp, R. B. New spray equipment for helicopter. Frontiers Plant Sci. 5:8. 
Nov. 1952. 

Norton, R. A. Mechanical considerations. (Sum.) NCWCC Res. Rpt. 7:271- 
275. 1950, pub. 1951. 
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NoILHAN, H. Lutilisation des hormones en agriculture et ses conséquences 
juridiques. Acad. d’Agr. de France. Compt. Rend. 39:432-433. June 11/18, 
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